Noise addendum experimental clean combustor program, phase 1 by Sofrin, T. G. & Ross, D. A.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 


















T. G. Sufrm and D. A. Ross





NA'1 IONAL AERONAUTICS AND SPACE ADMINISTRATION

























A H rn W
a V1 r ro
aCy) u
w oa u
H p ' .,-1
O U U ^
^ y
z Q >4
-'J a ++ 4d






^. W r1 ro
U E ro





v rL7 r v
AA
19;	 o^,
., j^, l,YnUr B q^4^ ^ ^ti
PRATT & WHITNEYAIRCRAFT
East Hartford, Connecticut 06108
	
me
In reply please refer to:
RR:WR:kjb - Eng. 2G4
30 October 1975




Attention:	 Mr. Francis DriscoH
Mail Stop 500-206
Subject: Final Report, NASA CR134820 (Contractor's
Ref. No. PWA-5252), on Mod. 4 of Contract
NAS3-16829, Experimental Clean Combustor
Program Phase I
Reference:	 (1) Contract No. NAS3-16829, Modifications 4 and 6
Enclosures:	 One (1) copy of CR 134820 (Contractor':. Ref. No.
PWA-5252)
In accordance with the terms of Exhibit A, Part III, Task B-4-b of the referenced contract, as
modified by Modification 6, we are submitting herewith 1 copy of the subject report.
UNITED TECHNOLOGIES CORPORATION







I	 Report No. 2. Government Accession No. 3	 Recipient's :atalog No
NASA CR-I 34820	 [
4	 Title and Subtitle 5	 Report Date
Noise Addendum, Experimental Clean Combustor Program, Phase 1 October 1975
6. Performing Organization Code
7. Authors) 8. Performing Organization Report No.
PWA-5252
T. G. Sofrin and D. A. Ross
10. Work Unit No.
9	 Performing Organization Name and Address
Pratt & Whitney Aircraft Division
11. contract or Grant No.United Technologies Corporation
East Hartford, Connecticut NAS3-16829, Mod. 4
13	 Tvoe of Report and Period Covered
Phase I Final Dec '73 -
July '74
12	 Sponsorin	 Agency Name and Address
Natlonal Aeronautics and Space Administration
Lewis Research Center 14	 Sponsoring Agency t,00e
21000 Brtltlk ark Road Cleveland Ohio 44135
15	 Supplementary Notes
16	 Absuacl
A Noise Addendum was executed on 7 December 1973 to the NASA Experimental Clean Combustor
Program, Contract NAS3-16829, under which Pratt & Whitney Aircraft was developing technology for
ad-anced CTOL aircraft engines having reduced exhaust emissions. The purpose of this Addendum was
to provide combustor noise information during the basic emissions program which could be used to ad-
vantage in securing reduced levels of combustion noise as well. This report presents results of internal
pressure transducer measurements made during the scheduled emissions test program on ten configurations
involving variations of three basic combustor designs. In the next phase of the program, analysis of this
infornation will be performed and the nature of the de rjendence of the noise data on combustor design
and operating conditions will be explored.






(of this report) 20.	 Security Classif. (of this page) 21. No. of Pages 22	 Price'
Unclassified Unclassified 119
For sale by the National Technical Information Service, Springfield, Virginia 22151
NASA-C-I68 (Rrv. 6-71)
FOREWORD
This report was prepared for the National Aeronautics and
Space Administration Lewis Research Center under Modi-
fication 4, the Noise Addendum, to Contract NAS3-16829.
It presents internal combustor noise data acquired under
Phase I of the Experimental Clean Combustor Program.
Appreciation is expressed for the contributions made by
Mr. Ronald Huff of NASA Lewis Research Center and by
Messrs. R. Roberts, A. PCdULZi and G. E. Vitti of the Com-







COMBUSTOR MECHANICAL EQUIPMENT AND FACILITIES
Combustors	 2
Swirl-Cart Combustor 	 2
Staged Premix Combustor	 2
Swirl Vorbix Combustor 	 3
Test Facility	 4
Iombustor Test Rigs	 5
Performance Instrumentation 	 5
ACOUSTICS INSTRUMENTATION AND TEST PROCEDURE	 6
Transducer Installation 	 6
Transducer Calibration	 6
Noise Data Recording System 	 7
Noise Data Reduction System 	 7
TEST PROCEDURE	 7
COMBUSTION NOISE SUMMARIES 	 8
DISCUSSION OF RESULTS	 9
General	 9
Swirl Can Combustor	 10
Staged Premix Combustor	 10




APPENDIX A — RIG PERFORMANCE DATA 	 57
APPENDIX B — NOISE TRANSDUCER CALIBRATIONS 	 62
iv
I "I	 TABLE OF CONTENTS (Cont'd )
Page
APPENDIX C — 1/3 OCTAVE SPL VARIATIONS
	 63
APPENDIX D — 1/3 OCTAVE SPECTRA
	 75
APPENDIX E -- SELECTED NARROW BAND (16 Hz) SPECTRA	 97
DISTRIBUTION	 108
v
E /'	 LIST OF ILLUSTRATIONS
Figure Title Page
la Swirl Can Combustor — Baseline Configuration 13
11) Swirl Can Combustor — Diffuser Modifications 14
1: Swirl Can Combustor — Combustor Modifications 14
2 Swirl Can Combustor Liner and Carburetor Headplate
Array 15
3a Staged Premix Combustor — Baseline Configuration 16
3b Staged Premix Combustor — Slotted Flameholder Configurations
P-7 and P-8 17
3c Staged Premix Combustor — 2X Density Secondary Fuel Injector 18
4 Staged Premix Combustor Rig Liner, Side View 19
5 Staged Premix Combustor Rig Liner, End View 19
6a Swirl Vorbix Combustor — Baseline Configuration 20
6b Swirl Vorbix Combustor — Configuration S-8 Modifications 21
6c Swirl Vorbix Combustor — Configuration S-9 Modifications 22
7 Swirl Vorbix Combustor Rig Liner 23
8 Swirl Vorbix Combustor Liner — Closeup 23
9 Schematic of Combustor Rig 24
10 Typical Acoustical Probe Installation in Combustor Rig 25
1	 1 Typical Combustor Microphone Installation 25
12 P&WA Dynamic Pressure Transducer Transfer Calibration System 26
13 Pressure Transducer Relative Frequency Response 27
14 Pressure Transducer Relative Frequency Response 28
I #t I	 vi
LIST OF ILLUSI R ATIONS (Cont'd)
Figure Title Page
15 Pressure Transducer Relative Frequency Response 29
16 Pressure Transducer Relative Frequency Response 30
17 P&WA Combustion Noise Recording System 31
18 P&WA 1/3 Octave Band Sound Analysis System 32
19 High Speed Spectral Analysis System 33
20 Sensitivity of Configuration N-8 to Fuel-Air Ratio — Idle, Hot 34
21 Sensitivity of Configuration N-8 to Fuel-Air Ratio — SLTO, Hot 35
22a Third Octave Band Spectra for Configuration N-8 — Idle 36
22b Third Octave Band Spectra for Configuration N-8 — SLTO 37
23a Third Octave Band Spectra for Configuration N-9 — Idle 38
23b l'Iiird Octave Band Spectra for Configuration N-9 — SLTO 39
24a Third Octave Band Spectra for Configuration N-10 — Idle 40
i
24b Third Octave Band Spectra for Configuration N-10 — SLTO 41	 I
25a "Third Octave Band Spectra for Configuration N-i l — Idle 42
251) Third Octave Band Spectra for Configuration N-1 I — SLTO 43
26a Third Octave Band Spectra for Configuration N-12 — Idle 44
26b Third Octave Band Spectra for Configuration N-12 — SLTO 45
27a Third Octave Band Spectra for Configuration P-7 — Idle 46
27b Third Octave Band Spectra for Configuration P-7 — SLTO 47
28a "Third Octave Band Spectra for Configuration P-8 — Idle 48




	 1	 ...	 _._.._1.-	 __...___l ..... 	 ,...ter....	 -0-MMMWM^.
LIST OF ILLUSTRA 1 IONS (Cont'd)
Figure Title Page
29a Third Octave Band Spectra for Configuration S-8 — Idle 50
29b Third Octave Band Spectra for Configuration S-8 — SLTO 51
30a Third Octave Band Spectra for Configuration S-9 — Idle 52
30h Third Octave Band Spectra for Configuration S-9 — SLTO 53
31 Comparison of Swirl Can Combustor Configurations
SLTO, Hot 54
3-1 Comparison of Staged Premix Combustor Configurations
Idle, Hot 55






1. v..xJuu1 anu v. M. aZV33
Pratt & Whitney Aircraft Division
United Aircraft Corporation
SUKIMAkY
Combustor noise data were acquired on ten variations of three basic JT91) scale experimen-
tal combustor designs with the object of providing information for correlating combustor
noise levels with performance parameters. These data were obtained as an add-on program to
the 900 segment rig tests being conducted to study emission levels under the NASA Experi-
mental Clean Combustor Program.. Data were acquired on the following basic combustor
designs:
•	 Swirl-Can Combustor
•	 Staged Premix Combustor
•	 Swirl Vorbix Combustor
Flush mounted internal pressure transducers were installed to record noise in the aft seg-
ment of the burner liner and upstream of the combustor. The signals obtained were consi-
dered to be representative of local, near field pressure fluctuations on the combustor walls
and were not necessarily representative of noise radiated to the far field. The difference is
due to the fact that the local measurement is not necessarily representative of the mean
chamber fluctuation, and, secondly, the internal pressure wave is transformed in its passage
through the combustion chamber rig and exit. The data acquired during the test series are
presented in one-third octave sound pressure levels and in narrow band spectrum analysis
plots. In all the configurations tested, the combustor internal fluctuating pressure level was
relatively insensitive to fuel-air ratio. However, significant increases in level resulted from
burning compared to the cold flow baseline data. Simulated sea level takeoff operations
produced higher levels than those obtained at the comparatively low pressure idle condition.
Detailed analysis of the data will be performed in the next phase of the program, in which
the dependence of the noise data on combustor design and operating conditions will be ex-
amined.
INTRODUCTION
As the aircraft engine noise sources from the fan, jet, and turbine are successfully reduced
with improved engine design and noise treatment, the possibility arises that engine combus-
tion noise could emerge as a dominant noise source. In order to accumulate noise data for
correlation with combustor performance parameters, measurements are needed on test vehicles
in which these parameters can be independently varied. The NASA Experimental Clean Com-
bustor Program, under which Pratt & Whitney Aircraft would develop technology for advanced
CTOL aircraft engines having reduced exhaust emissions, provided an opportunity to acquire
some of these data simultaneously with the primary emissions test program. The results
of the primary emissions test program are reported in the Experim, j^tal Clean Combustor
Program Phase I Final Report (Contractor's ref. PWA-5153), NASA-CR 134736 (Reference
1). Modification 4 to contract NAS3-16829 with Pratt & Whitney Aircraft authorized the
acquisition of combustor noise information, which could be used to advantage in securing
reduced levels of combustion noise, as an add-on program to the basic emission investiga-
tion. The results of the add-on program are presented in this report.
The technical effort was conducted in three tasks. Task B-1 involved the definition, acquisi-
tion and installation of noise instrumentation in the Experimental Clean Combustor Program
(ECCP) combustors. Task B-2 required the acquisition of noise data from ten E,CCP combus-
tor configurations, concurrent with the primary emissions testing. Data w, , re obtained at a
minimum of three fuel-air ratios and a minimum of one point with no combustion, for each
of the idle and SLTO operating conditions. Task B-3 involved analyzing the data acquired
during Task B-2 to obtain the one-third octave band and narrow band spectra.
COMBUSTOR MECHANICAL
EQUIPMENT AND TEST FACILITIES
COMBUSTORS
Combustor noise data were acquired for ten separate burner configurations which included
all three of the basic designs being evaluated in the NASA Experimental Clean Combustor
emissions program. The thre, basic combustor configurations are described in detail in the
Experimental Clean Combusts,. Phase I Final Report, NASA-CR-134736, principal design
features are outlined below:
SWIRL-CAN COMBUSTOR
The swirl-can modular combustor design utilizes concepts developed by the NASA Lewis
Research Center. This combustor incorporates a carburetor module array of 40 swirl cans
in each of three circumferential rows, on a full annular basis. Each module is constructed
with three major components: a carburetor, swirler, and flame stabilizer. The baseline
configuration is shown in Figure la. Fuel is supplied to the modules through injection
tubes centered in the carburetor-cans. The fuel-air mixture passes through the swirlers and
is then burned. Dilution airenters the combustion chamber around hexagon shaped flame
stabilizers. Fuel is staged to the outer row of carburetor cans at idle and to all the swirl
cans at higher power. Figure 2 is a photograph of a 90° sector of this design tested in the
burner rig.
Six Swirl-Can Combustor Configurations were evaluated during this program. These are
listed in Table I and briefly described in the sketches presented in Figures lb and lc.
Modifications were confined to diffuser inserts, in an attempt to provide more uniform
diffuser flow, and carburetor module changes to alter Ilameholding characteristics and
carburetor fuel-air ratio. In one modification, configuration N- f 1, inner and outer liner
dilution holes were provided.
STAGED PREMIX COMBUSTOR
The design of the Staged Premix Combustor is based on previous single and two-stage premix
combustor development conducted at Pratt & Whitney Aircraft. Figure 3a presents the
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baseline design and Figures 4 and 5 provide two photographic views of the test sector. The
basic principle of the design involves use of two combustion zones, denoted as pilot and
main. Each zone has a separate fuel injector array, premix passage, flameholder, and com-
bustion volume, as may be seen in Figure 3a. Two zones are employed with the intent to
facilitate emission control over the range of engine operation more readily than can be ac-
complished with a single zone combustor. The pilot zone is sized to accommodate all heat
release for idle operation and is designed for optimum emission control at idle. With ap-
propriate fuel management the combination of both pilot and main systems can be opti-
mized for the high power operating regime.
Two configurations of the basic Staged Premix Combustor were tested, as indicated in Table
1. Both incorporated slotted pilot and main flameholders, as shown in Figure 3b with no
liner dilution air. This produced a very lean bulk premix passage equivalence ratio. Con-
figuration P-8 additionally incorporated 2X main zone fuel source density. This was ac-
complished by substitution of the main fuel injector design shown in Figure 3c.
SVVI RL VORBIX COMBUSTOR
The Swirl Vorbix (Vortex Burning and Mixing) Combustor also employes two combustion
subsystems, as shown in Figure 6a. The pilot zone is a conventional swirl stabilized, direct
fuel injection design and is sized to provide all heat release at high efficiency during idle
operation. At higher power conditions, main zone fuel is introduced through fuel injectors
located downstream of the pilot combustion zone. Main combustion and dilution air is
introduced into the main burning zone through 60 swirlers located on each side of the com-
bustor (on an annular basis). The hot exhaust product - fuel vapor mixture is entrained by
the swirling air jets and partial premixing occurs prior to auto ignition of the main zone fuel.
The main combustion process, in which most of the fuel is consumed at high power condi-
tions, proceeds rapidly at the interface between these jets and the surrounding fuel rich pilot
jet mixture. Photographs 7 and 8 show two views of the test configuration.
Two configurations of the Swirl Vorbix Combustor were evaluated, S-8 and S-9. Configura-
tion S-8 differed from the baseline design in that pressure atomizing fuel nozzles were sub-
stituted for the aerating pilot zone nozzles, and large swirlers were installed at the main throat
location. These had somewhat more than twice the effective flow area of the baseline swirlers,
and necessitated the elimination of all aft liner dilution holes in order to maintain pressure
drop. These changes are summarized in Figure 6b. With re ference to configuration S-8, S-9
incorporated pilot swirler blockage rings to increase pilot zone equivalence ratio, and modi-
fied the orientation of the main fuel injectors. These changes are shown in Figure 6c. The
downstream injection of main fuel was intended to minimize combustion prior to mixing
with the main swirler airflow.
More detailed specifications of the ten configurations tested under the Combustion Noise
Addendum may be found in Appendix B of Reference 1.
TABLE I
COMBUSTOR DESIGN MODIFICATIONS EVALUATED
IN ACOUSTICAL PROGRAM
Combustor Scheme Configuration Figure Ref.
Swirl-Can Combastor N-7 Diffuser Screen; 1.27 cm recessed lb, lc
swirlers
N-8 "V" gutter trip; non-recessed swirlers lb, 1 c
N-9 Diffuser screen; outer swirler Flame- lb, lc
holder design.
N-10 Diffuser screen; reduced swirl can air. 1b, is
N-11 Diffuser screen; ID and OD dilution lb, Ic
air.
N-12 Diffuse , screen; outer swirler flame . lb, lc
holder design; pressure atomizing
nozzles.
Staged Premix Combustor P-7 No dilution air; slotted flameholders 3b
pilot and main.
P-8 No dilution air; slotted flameholders 3b, 3c
pilot and main; 2X main fuel nozzles.
Swirl Vorbix Combustor S-8 No dilution air; high flow main 6b
swirlers; pressure atomized pilot fuel
nozzles.
S-9 15 percent pilot swirlers blockage. main 6c
fuel nozzles aimed downstream.
TEST FACILITY
The combustor noise tests were conducted on X 903 stand, a high pressure combustion com-
ponent test facility located at the Pratt & Whitney Aircraft Experimental Test Department,
Middletown, Conn. This facility was fully equipped with the necessary inlet ducting, exhaust
ducting, controls and instrumentation for conducting component tests at simulated engine
operating conditions. For testing, the combustor test rig containing the combustor was in-
stalled at the inlet and outlet flanges of the test stand ducting. Heated non-vitiated com-
pressed air was supplied to the test rig and the discharge pressure was controlled by valves




Three complete 90 degree sector combustor rigs were fabricated for use in this program. A
JT9D-7 engine diffuser/burner case was sectioned to provide the same strut orientation in all
three rigs. Each case was re-operated to provide the fuel support pads and instrumentation
bosses required by the particular combustor design. Stand duct work and flanges were also
fabricated to mate the rig to the facility. A schematic diagram of the test rig, showing the
location of the performance instrumentation is given in Figure 9.
PERFORMANCE INSTRUMENTATION
Instrumentation was provided to measure the variables required to determine combustor per-
formance, such as air flow, fuel flow, fuel temperature, static pressure and total temperature
at the combustor inlet, and total temperature and press^ire of the gases at the exhaust of the
combustor.
ACOUSTICS INSTRUMENTATION AND TEST PROCEDURE
TRANSDUCER INSTALLATION
Combustor noise measurements were made using Kistler Model 603A1 dynamic pressure
transducers. The transducers were installed in Kistler water cooling jackets, model
616M 135, in order to protect the transducer from the extreme temperatures. The transducer
installation is shown schematically in Figure 10. The inlet transducer was located on the ID
wall of the combustor inlet duct, 0.299m upstream of the diffuser case forward mounting
flange. The inlet duct was common to all three combustors and thus it was not necessary
to remove the transducer during combustor changes.
The sidewall combustion compartment transducers were located in the same relative loca-
tions it,
 all three combustor configurations. The locations were in the combustor sector
si deplates, centered radially approximately 0.0859m forward of the combustor rear mount
flange. Details of the combustor sidewall transducer installation are shown in Figure 11.
Combustor rig flow areas at the noise measurement stations are of interest for noise data
correlation. The cross-sectional flow areas for the three combustor concepts are summar-
ized in Table 11. The flow area at the inlet transducer station is the compressor discharge
area. Flow area at the combustion chamber noise measurement station is defined as the
cross-sectional area within the combustor liners perpendicular to the engine centerline. The
values contained in Table 11 correspond to the 900
 sector rig used in this program. Com-
bustor burning length, also of interest for noise data correlation, is also included in Table
I I. Burning length is defined as the developed distance from the plane of the pilot zone fuel
injectors to the leading edge of the turbine inlet guide vanes.
5
FABLE 11
COMBUSTOR DIMENSIONS AT THE NOISE MEASUREMENT STATIONS





Swirl-Can 0.02002	 0.117 0.282
Staged Premix 0.02002	 0.117 0.368
Swirl Vurbix 0.02002	 0.064 0.419
(a) 900 sector iig vr-.Iues
Due to procedures required for installing the combustion compartment transducers, it
was necessary to install them as the combustor was being assembler'. This required at least
two separate sets of transducers allowing one combustor to be built up while another was
at test. Since the Combustion Noise Addendum was an add-on program, the data acquisition
was conducted on a non-interference basis with the primary program. Consequently, in
some cases malfunctioning transducers could not be replaced after a test started.
Kistler transducers have been known to generate a signal when mounted on a vibrating
structure, such as an engine case. It is believed that the current burner rig installation is
sufficiently free from vibration that this problem has not affected the data. Confirmation
of this assessment is planned for Phase II of the program.
TRANSDUCER CALIBRATION
Output sensitivity and frequency response of the dynamic pressure transducers were
determined using the P&WA Dynamic Pressure Transducer Transfer Calibration System,
shown schematically in Figure 12. The output sensitivity was determined using a R&K type
4220 Pistonphone calibrator and a B&K type 4134 0.0127m microphone. The Pistonphone
and microphone were both calibrated at the P&WA Standards Laboratory. An adjustable
noise source was set to an output level of 150 dB at 1000 Hertz, and then applied to each
transducer assembly. The transducer output frequency response curves were generated using
a B&K type 4136 0.0064m diameter microphone, calibrated in the P&WA Standard Labora-
tory and having a flat response from 30 to 5000 Hertz, as a reference. A noise source was
driven from 30 to 5000 Hz with an audio oscillator, and the outputs of the, reference micro-
phone and the pressure transducer being tested were transcribed onto strip charts.
The transducer output frequency response from 30 to 5000 Hertz was determined for each
transducer both free and as installed in the water jacket. Response curves for the trans-
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ducers without water jackets are shown in Figures 13 and 14. Response curves for the trans-
ducers installed in water jackets are shown in Figures 15 and 16. The response curves
provided sound pressure level corrections which were applied to the one-third octave band
analysis of the combustor noise data. The response corrections applied are tabulated in
Appendix B, indicating transducer serial number and combustor scheme number.
NOISE DATA RECORDING SYSTEM
The data recording system was comprised of: 1) the high response pressure transducers and
their power supplies, and 2) the signal conditioning and recording equipment, which
provided calibration and monitoring instrumentation, switching capability, and analog
magnetic tape recording capability. Figure 17 is a schematic diagram of the data recording
system. Recording system response calibration signals were provided by a local oscillator
and random noise generator. Gain settings established on each channel at the pre-amplifier,
to obtain optimum signal to noise recordings, were noted on the recorder log sheets and
announced on the tape voice channel.
NOISE DATA REDUCTION SYSTEM
A schematic diagram of the one-third octave pressure analysis system is ;hown in Figure 18.
The recorded pressure signals were frequency analyzed using a set of 24, one-third octave
band filters having geometric mean frequencies extending from 50 Hz to 10 kHz. These
filters complied with the filter characteristics recommended in IEC Publication 225
(Reference 2).
The system was set up to provide a readout of one-third octave levels for each transducer,
time averaged over a minimum time period of 30 seconds for each operating condition.
Following this analysis, the data were stored on digital magnetic tape for input to the
computer. Recording response and transducer frequency response corrections were applied
to the data in the computer from 50 Hz to 5 kHz.
Narrow band (16 Hz bandwidth) analyses were performed on a high speed spectra, analysis
system, shown in Figure 19. This system provides wide-range, high-speed digitization of -che
narrow band analysis analog data. Resultant spectra were stored and averaged in a local mem-
ory before being plotted as narrow band spectrum plots. A 7-second real time average was
provided by the local memory.
T EST PROCEDURE
During each combustor test session, noise data were acquired from one upstream ( inlet)
pressure transducer and two combustion compartment pressure transducers. Data were
acquired at a minimum of eight combustor operating conditions. One point with fuel off
(cold flow) and three hot-flow points with varying fuel-air ratio were recorded at idle.
Three hot-flow points with varying fuel-air ratio and one cold-flow point with fuel off
were recorded at Sea Level Takeoff (SLTO) conditions. The following combustor per-





Y Mass flow rate of air
• Mass flow rate of fuel to primary and secondary zones
• Total temperature at combustor inlet
•	 Total and static pressure at combustor inlet
Combustor fuel-air ratio was computed from a carbon balance performed on the measured
exhaust gas species concentrations. This value of gas sample fuel-air ratio is typically found
to exceed the corresponding fuel-air ratio determined from metered fuel and air mass flows.
This L. crepancy is primarily due to exit plane radial profile effects and the existence of side-
wall cooling airflow in a sector rig, as well as to accumulated inaccuracies in the individual
gas concentration measurements. In the present sector rig experiments, the computed carbon
balance fuel-air ratio is thought to provide the better representation of actual combustor
operation. It is recommended that this parameter be used in the correlation of noise data.
The following additional combustor performance parameters were calculated for possible use
in correlating the combustion noise data:
•	 Ideal average exit temperature
• Compressor discharge mass flow parameter
04
	 Combustor liner pressure drop
• Average combustor temperature rise
The measured and computed performance data are tabulated in Appendix A for each of the
ten configurations tested. All of the performance data were not always available for the cold
flow conditions, since the points were often run before or after the computer data link was
"on—line". In this instance, estimated values are provided.
COMBUSTION NOISE DATA SUMMARIES
The combustion noise data measured in this program are presented as tabulations of one-third
octave band pressure level, one-third octave band pressure level plots, and as narrow band
spectrum analysis plots. The one-third octave pressure levels for each noise transducer are
displayed on computer printout for each combustor data point recorded. The data points
are identified by the combustor running program point numbers. The one-third octave pres-
sure levels have been corrected for transducer frequency response at the one-third octave
center frequencies from 'a through 5000 Hz. The computer generated tabulations are con-
tained in Appendix C. Combustor transducer one-third octave band pressure levels, plotted
against one-third octave center frequency, are presented in Appendix D. Narrow band spec-
trum analysis plots indicate (uncorrected) pressure level in dB versus frequency from 0 to
5000 Hz. The narrow band filter bandwidth is 16 Hz. A selected number of the narrow band
plots generated in this program, identified by transducer location and combustor test program




Preliminary examination of the pressure transducer data acquired in the ten test series has
indicated several characteristics that were common to all three basic combustor concepts:
1. Foremost is the indication that there were relatively small changes in chamber
fluctuating pressure level with variations in fuel-air ratio at either the idle or
SLTO operating conditions. Figures 20 and 21 illustrate the insensitivity at both
idle and SLTO using data from the configuration N-8 as representative.
2. Generally there were very few indications of discrete frequency tones that can be
attributed to combustion. Examination of the spectra, Appendices D and E
shows that the discrete frequency tones occasionally present also exist in the
corresponding cold flow spectra, indicating their source to be flow-generated
rather than due to burning. There are also several indications of 60 Hz harmonics
which are assignable to electrical sources and thus do not obscure the pressure in-
formation.
3. Signal levels from the transducer in the air entrance duct upstream of the com-
bustor were generally much higher than those from the combustion section.
The data in Appendix C show several instances where the inlet levels exceeded
the combustor levels by 30 to 40 dB. Post-test checkout indicated no instrumenta-
tion malfunctions. There is a strong possibility that flow turbulence due to up-
stream valves was impacting the inlet transducer, and therefore the signals should
not be construed as an indication of propagating noise. There were also occasional
instances when one of the two combustor transducers produced similar high
amplitude fluctuations in the low frequency domain of the spectrum.
4. A set of one-third octave band spectra, Figures 22 through 30, has been prepared
from the material in Appendix D to give a capsule view of the behavior of the
test configurations. No information is given for configuration N-7 for reasons to
be described presently. In each figure, the left hand part corresponds to idle
operation and the right hand side gives the SLTO characteristics. The cold flow
spectra are given along with representative spectra for burning, it having been
established that fuel-air ratio variation effects were minor. Comparing the upper
curve in each plot with the lower cold flow curve shows the change in signal
associated with burning. Notice that the sound level scales start at 120 dB for the
N series and change to 130 dB for the P and S series curves.
Although exceptions can be found (notably configuration S-9) the effect of combustion is
to produce an increase in level over portions of the frequency range. To farther particularize
the magnitude of the combustion noise increment and specify the frequency range over
which it occurred is a matter that cannot be summarized briefly. Descriptions of the com-




In configuration N-7 the right hand transducer malfunctioned during the entire program, and
the left side transducer was inoperative during the takeoff portion of the program. For the
idle conditions, the left transducer indicated high amplitude, low frequency fluctuations.
Third octave spectra for cold flow and the three burning points may be found in Appendix
D. It should be noted that the low frequency levels with b•ilming are on the order of 15 dB
lower than the cold flow condition. No explanation for this behavior, which is an extreme
case of the trend described below for configuration S-9, has been found. However, it is
clear that the N -7 data are not representative of combustion noise, and accordingly they
have not included in the series of comparative curves, Figures 22 through 30.
In configurations N-8 through N-12 the left and right transducers indicated levels comparable
to each other; for simplicity only the left side transducer data are shown in the spectra of
Figures 22 through 26. The physical changes associated with these five modifications re-
sulted in pressure spectra that are remarkably similar. This similarity is illustrated for the
takeoff condition in Figure 31 and a comparable grouping also holds for the idle conditions.
With the exception of configuration N-1 1 moderate increases in level result when changing
from idle hot to SLTO hot conditions. Finally, by comparing the N se,ril^.s . summary curves,
Figure 31, with the takeoff condition nlots for the P and S series it is seen T hat the Swirl Can
Combustor operated at lower fluctuating pressure levels than the other combustors. This
relative standing also holds for the idle operating condition.
STAGED PREMIXED COMBUSTOR
Because of problems with low frequency fluctuations in the left side transducer in configuration
P-7, third octave level data are presented only for the right hand transducer in both P7 and
P8 configurations. The effect of burning on the noise of both these configurations is clearly
evident in Figures 27 and 28. Takeoff levels are significantly higher than those produced
at idle operation in both configurations. Moreover, as shown in Figures 32 for idle and 33
for takeoff, the noise spectra of these two configurations are generally quite similar.
SWIRL VORBIX COMBUSTOR
The display in Figure 29 clearly indicates the increase in noise for configuration S-8 when
combustion occurs. Somewhat less than 10 dB from 630 Hz to 1630 Hz results from
burning at idle and SLTO conditions, although the details differ at these two powers. Only
the left side transducer output is shown since the right hand side unit became inoperative
during the SLTO portion of the program. At takeoff both the background cold flow noise
and the noise with burning are somewhat higher than their counterparts at the idle condi-
tion. This trend seems to prevail in the majority of test cases, but there are sufficient
exceptions (e.g. N-9, N-11) to disallow making a rigid generalization.
The performance of configuration S-9, is completely different, not only from S -8, but also
when compared with all other configurations tested. A glance at Figure 30 shows that both
idle and SLTO conditions are dominated by flov ,
 noise. When the burner was ignited
certain frequency band levels actually decreased slightly. Additionally, the levels are
significantly greater than those of all other configurations, particularly in the low frequency
10
domain. It has not yet been possible to identify any geometric feature associated with
configuration S-9 that would account for this unusual behavior. Therefore, since the trans-
ducer outputs in the S-9 test series are dominated by flow noise none of the S-9 data should
be used for inferring comb--,Lion noise properties, even though the spectral data are included
in this report.
A summary of transducer outputs that are considered free from malfunction and spurious
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CONCLUSIONS
Data on combustion chamber pressure fluctuations have been obtained for modifications of
three basic combustor designs. Analysis of the results for this phase of the program and a
determination of the relations between combustion noise and operating characteristics are
scheduled to be performed in a Phase II follow-on effort. At this point it is possible to draw
the following conclusions based on the information summarized in the preceding section,
Discussion of Results:
1. For all combustor configurations there was virtually no change in fluctuating
pressure level with changes in fuel-air ratio. There was, however, a significant
increase in level when changing from flame out to hot-flow conditions,
indicating that the downstream ► ransducers responded to disturbances associated
with combustion.
2. Generally the takeoff pressure levels were higher than the corresponding idle
operating values, although the frequency range of this increase varied among the
test configurations.
3. There were very few indications of significant discrete frequency tones due to
combustion.
1411
4. The Swirl-Can Combustor displayed generally lower internal signal levels than the other
two combustor designs.
5. No significant changes in pressure fluctuations were noted to accompany modifica-
tions to the Staged Premixed Combustor or the Swirl Can Combustor.
REFERENCES
Roberts, R., Peduzzi, A., and Vitti, G. E., "Experimental Clean Combustor Program
Phase I Final Report", NASA CR- 134736 (Contractor's ref. PWA-5153).



















Figure 1 a	 Swirl Can Combustor — Baseline Configuration
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Figure 3b Staged Premix Combustor—Slotted Flameholder Configurations P-7 and
P-H (ref. Figure 3a)
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Figure 17 P&WA Combustor Noise Recording System
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	Figure 23b	 Third Octave Band Spectra for Configuration N-9—SLTO
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4 station upstream of burner










Wa mass flow rate of air kg/sec
Wf mass flow rate of fuel kg/sec
f/a T fuel-air ratio kg	
"M m ass flow parameter
sec - m 2 -ATM
NOTES:
Tt4
OO	 M = 
Wa4
	






ECCP RIG PERFORMANCE (Sheet 1)
f/a 2
Wa4 Wabl W fpri Wf sec Carbon Ps4
Config. Point No. Condition (kg/sec) (kg/sec) (kg/sec) (kg/sec) Balance (ATM)
N-7 3 Idle-Cold 10.69 8.42 - - - 3.70
43 Idle 8.35 6.13 .0637 - .0142 3.44
21 Idle 8.35 6.16 .0494 - .0109 3.42
32 Idle 8.45 6.16 .0783 - .0173 3.45
N-8 1' Idle-Cold 7.64 5.93 - - - 2.74
21 Idle 7.64 5.92 .0502 - .0120 3-51 
32 Idle 7.67 6.03 .0405 - .0090 3.50
43 Idle 7.73 5.91 .0671 - .0143 3.46
810 SLTO 8.76 6.93 .0357 .0527 .0145 6.55
79 SLTO 8.80 6.93 .0498 .0677 .0191 6.61
68 SLTO 8.74 6.89 .0601 .0856 -0249 6.55
0' SLTO Cold 8.63 6 . 90 - - 6.46
N-9 1 Idle Cold 7.79 6.26 - - - 3.48
21 Idle 7.83 6.18 .0502 - .0109 3.46
33 Idle 7.90 6.17 .0699 - .0148 3.44
42 Idle 7.87 6.21 .0570 - .0097 3.44
69 SLTO 8.77 6.99 .0499 .0687 .0220 6.40
710 SLTO 8.75 7.04 .0358 .0490 .0161 6.42
58 SLTO 8.75 6.97 .0575 .0825 .0257 6.46
88 AST 8.69 7.04 .0579 .0823 .0265 6.43
99 • SLTO-Cold 8.63 6.90 - - - 6.46
0y:	 Pt4 - Pt5
3	 4 kg K
Pt4	 744 Pt y	 T45i	 2 ---	 Pt4	 Tt5b Tt4
(ATM) ( K) (ATM) ( K)	 sec-m ATM	 (96)	 (K)
3.86 448 - 2927 -
3.79 463 3.21 828 2368 15A
3.74 461 3.16 561 2394 15.6
3.78 463 3.18 1350 2403 15.8
3.10 433 2.70 - 2562 12.9
3.77 45S 3.42 738 2159 9.2
3.77 460 3.42 622 2180 9.4
3.74 460 3.38 896 2214 9.6
6.86 766 6.44 1266 1765 6.1
6.93 768 6.51 1416 1758 6.1
6.86 767 6.43 1592 1773 6.2
6.80 769 6.38 - 1758 6.1
3.74 457 3.28 2224 12.2
3.74 459 3.28 561 2240 12.3
3.79 457 3.33 828 2226 12.2
3.71 4S6 3.24 715 2263 12.6
6.73 770 6.19 1505 1806 8.0
6.74 770 6.21 1311 1799 7.9
6.80 770 6.27 1614 1784 7.8
6.78 843 6.20 1699 1859 8.5
























1. Wab = Wa4 - measured turbine cooling air bleed - estimated rig sidewall cooling airflow
2. fuel-air ratio computed from a carbon balance on the measured exhaust gas species concentration
3. computed values
4. computed from carbon balance fuel-air ratio, corrected for unreacted species (CO.THC) present in exhaust gas.
1 f/a2
Wa4 Wab Wf pri w  sec Carbon Ps4
Config.	 Point No. Condition (kg/sec) ( kg/sec) (kg/sec) (kg/sec) Balance (ATM)
N-10
	
I' Idle-Cold 7.80 5.98 - - - 3.44
21 Idle 7.80 5.98 .0502 - .0074 3.50
33 Idle 7.86 5.99 .0672 - .0103 3.48
42 Idle 7.74 5.90 .0569 - .0040 3.44
69 SLTO 8.66 6.88 .0499 .0709 .0186 6.51
710 SLTO 8.70 6.98 .0356 .0507 .0125 6.48
58 SLTO 8.73 6.94 .0605 .0787 .0216 6.48
88 AST 8.68 6.90 .0606 .0831 .0220 6.53
89• SLTO-Cold 8.63 6.90 - - - 6.46
N-11	 1 • Idle-Cold 8.01 6.08 - 3.74
21 Idle 8.01 6.08 - .0504 .0074 3.46
42 Idle 8.03 6.07 - .0572 .0092 3.43
33 Idle 8.05 6.07 - .0675 .0108 3.44
69 SLTO 7.93 6.28 .0451 .0639 .0195 5.80
710 SLTO 7.88 6.29 .0321 .0443 .0134 5.85
58 SLTO 7.95 6.32 .0543 .0750 .0232 5.87
88 SLTO 6.22 4.91 .0422 .0584 .0228 4.54
60• SLTO-Cold 7.95 6.36 - - - 5.87
71 Pt4 'P t5 
3 4 kB_oK y'
Pt4 144 Pty T451 Pt4 Tjt5 Tt4(ATM) ( K) (ATM) ( K) ZSec-m -AT%l 1`Xc) ( K)
3.80 457 3.25 - 2192 14.4 -
3.78 459 3.23 675 2208 14.6 216
3.76 454 3.20 800 2225 14.9 346
3.72 458 3.17 737 2224 14.8 279
6.82 775 6.18 1410 1766 9.4 635
6.80 772 6.16 1204 1776 9.4 432
6.80 773 6.15 1499 1783 9.6 726
6.75 847 6.04 1573 1869 10.5 726
6.80 771 6.17 - 1760 9.3 -
3.74 456 3.13 - 2285 16.3 -
3.13 458 3.00 675 2359 17.4 217
3.73 458 3.11 783 2301 16.6 325
3.75 454 3.14 841 2285 16.4 387
6.11 766 5.49 1416 1794 10.1 650
6.14 765 5.53 1234 1773 9.9 469
6.16 769 5.54 1543 1788 10.0 774
4.77 767 4.28 1529 1804 10.2 762





ECCP RIG PLR1-ORMANCE (Sheet 2)
*Estimated Conditions
NOTES:
1. Wab = Wa4 - measured turbine cooling air bleed - estimated rig sidewall cooling airflow.
2. fuel -air ratio computed from a carbon balance on the measured exhaust gas species concentration.
3. computed values.
4. computed from carbon balance fuel-air ratio, corrected for unreacted species (CO, THC) present in exhaust gas.
cn
IO
ECCP RIG PERFORMANCE (Sheet 3)
CD
f/a`
N a4 Wabl W fpri Wf sec Carbon Ps4
Config. Point No. Condition (kg/sec) (kg/sec) (kg/sec) (kg/sec) Balance (ATM)
N-12 1• Idle-Cold 7.99 6.26 - - - 3.57
21 Idle 7.99 6.26 .0505 - .0087 3.50
42 Idle 7.99 6.17 .0571 - .0090 3.48
33 Idle 8.09 6.22 .0670 - .0103 3.44
69 SLTO 8.73 6.85 .0500 C727 .0192 6.48
710 SLTO 8.70 6.98 .0358 .0494 .0132 6.42
58 SLTO 8.75 6.96 .0598 .0826 .0224 6.51
88 SLTO 8.76 6.92 .0608 .0184 .0220 6.37
60• SLTO-.old 8.63 6.90 - - - 6.46
P-7 2• Idle-Cold 7.38 5.47 - - - 3.51
43 Idle 7.61 5.29 .0772 - .0128 3.46
32 Idle 8.06 5.64 .0833 - .0131 3.41
58 SLTO 8.74 6.60 .0634 .0967 .0312 6.53
69 SLTO 8.78 6.48 .0547 .0818 .0257 6.68
88 SLTO 8.75 6.62 .0468 .1091 .0300 6.59
99 • SLTO-Cold 8.63 6.90 - - - 6.43
P-8 0' Idle-Cold 6.38 4.36 - - - 3.46
11 Idle 6.38 4.36 .0609 - .0120 3.49
28 SLTO 7.87 6.59 .0615 .0963 .0312 6.51
39 SLTO 8.74 6.65 .0675 .1076 .0348 6.49
410 SLTO 8.24 6.54 .0553 .0848 .0268 6.45
88 AST 8.71 6.59 .0616 .0961 .0320 6.48
102 SLTO-Cold 8.67 6.94 - - - 6.38
%I Pt4	 Pt5y4
3 4 k9_ 0 
Pt4 T44 Pt5 Ta5i --	 _ Pt4 Tt5io Tt4( K) (ATM) 2( K)(ATM )Sec-m -ATM (%) ( K)
3.74 478 3.08 - 2333 13.6 -
3.78 454 3.30 724 2250 12.7 270
3.81 459 3.35 734 2244 12.1 275
3.74 454 3.25 752 2302 13.2 298
6.83 766 5.97 1428 1767 7.8 662
6.76 765 5.91 1235 1778 7.9 470
6.84 769 6.00 1520 1772 7.8 751
6.73 768 5.85 1560 1802 8.1 792
6.80 769 6.96 - 1758 7.7 -
3.75 454 3.42 - 2095 8.9 -
3.71 462 3.35 943 2202 9.8 485
3.76 457 3.36 952 2289 10.7 495
6.84 766 6.40 1760 1766 6.4 994
6.99 767 6.55 1412 1738 6.3 645
6.84 767 6.40 1630 177n 6.4 863
6.80 768 6.02 - 1757 6.3
3.74 768 3.07 - 2361 11.3
3.69 459 3.44 917 1850 6.9 458
6.83 773 6.47 1763 1600 5.2 990
6.81 775 6.37 1869 1784 6.4 1094
6.81 773 6.42 1382 1680 5.8 608
6.83 843 6.35 - 1849 7.0 -
6.78 770 5.97 - 1772 6.4 -
*Estimated conditions.
Notes:
1. Wab - Wa4 - measured turbine cooling air bleed - estimated rig sidewall airflow.
?. fuel-air ratio computed from a carbon balance on the iacasured exhaust gas species concentration.
3. computed values.
4. computed from carbon balance fuel-air ratio, corrected for unreacted species (CO. THC) present in exhaust vas.
ECCP RIG PERFORMANCE (Sheet 4)
ti Pt4	 Pty
Wa4 Wab Wf pr' Wf sec
2
f/aCarbon Ps4 Pt4 Tt4 P 5 T Si
o
kg	 K Pt4 TtSi - Tt4
Config.	 Point No. Condition (kg/sec) (kg/sec) (kg/sec) (kg/sec) Balance (ATM) (ATM) (°K) (ATM) ('K) Sec-m 2-ATM (96) (°K)
S-8
	 1 Idle-Cold 6.81 5.45 - - 3.11 3.53 313 3.28 - 932 7.0 -	 ---
21 Idle 6.99 5.29 .0527 - .0120 3.52 3.73 450 3.46 907 1986 7.3 457
32 Idle 7.14 5.49 .0422 - .0094 3.57 3.88 4.72 3.59 831 1997 7.4 359
43 Idle 7.20 5.42 .0607 - .0127 3.57 3.80 456 3.51 897 2021 7.6 441
58 SLTO 8.79 6.86 .0469 .0888 .0261 6.53 6.82 750 6.42 1621 1763 5.8 871
69 SLTO 8.81 6.91 .0442 .0788 .0232 6.52 6.83 752 6.43 1529 1767 5.9 777
810 SLTO 8.65 6.73 .0123 .1141 .0229 6.53 6.84 748 6.46 1481 1728 5.6 733
128 AST 8.92 6.84 .0250 .1055 .0216 6.46 6.81 826 6.36 1544 1880 6.6 718
2222 SLTO-Cold 1175 7.00 - - - 6.54 6.93 773 6.53 - 1754 5.7 -
S-9
	 1 • Idle-Cold 7.62 5.80 - - - 3.53 3.77 - 3.54 - - - -
21 Idle 7.62 5.80 .0525 - .0110 3.44 3.70 458 3.37 875 2202 9.0 417
32 Idle 7.79 5.97 .0389 - .0085 3.42 3.71 459 3.36 778 2247 9.4 319
43 Idle 7.73 5.88 .0661 - .0148 3.47 3.75 456 3.41 1005 2199 9.0 549
69 SLTO 8.65 6.96 .0445 .0810 .0222 6.53 6.84 772 6.45 1501 1755 5.7 729
1145 SLTO 8.70 6.84 .0567 .0682 .0221 6.51 6.82 772 6.43 1514 1770 5.7 742
1030 SLTO 8.69 6.75 .0375 .0873 .0219 6.51 6.82 771 6.42 1507 1767 5.8 736
710 SLTO 8.67 6.89 .0318 .0578 .0152 6.53 6.85 771 6.45 1299 1755 5.8 528
58 SLTO 8.70 6.82 .0381 .0695 .0185 6.49 6.80 772 6.41 1403 1776 5.8 631
128 AST 8.85 7.11 .0249 .1013 .0216 6.55 6.91 845 6.47 1559 1860 6.4 714
712 SLTO-Cold 8.71 6.97 - - - 6.41 6.79 772 6.39 - 1780 5.9 1008
*Estimated Condition
NOTES:
1. Wab = Wa4 - measured turbine cooling air bleed - estimated rig sidewall cooling airflow.
2. fuel-air ratio computed from a carbon balance on the measured exhaust gas species concentration
3. computed values
4. computed from carbon balance fuel-air ratio, corrected for unreacted species (CO, THC) present in exhaust gas.
APPENDIX B
NOISE TRANSDUCER CALIBRATIONS
NOISE TRANSDUCER FREQUENCY RESPONSE CORRECTIONS APPLIED TO
ONE-THIRD OCTAVE SPL DATA
1/3 Octave
Center Transducer Serial Number
Frequency
HZ 51690 51680 47642 51678 44248 44250 51686 51696
50 0.% 0.5 0.5 0 0.3 0 0.6 0.4
63 0.5 0.5 0.5 0 0.5 0 0.6 0.4
80 0.6 0.5 0.5 0 0.5 0 0.6 0.4
100 0.9 0.5 0.5 0 0.5 0 0.6 0.5
125 0.8 0.5 0.5 0 0.5 0 0.6 0.5
160 0.8 0.5 0.5 0 0.5 0 0.6 0.5
200 0.7 0.5 0.5 0 0.5 0 0.6 0.5
250 0.7 0.5 0.5 0 0.5 0.2 0.6 0.5
315 0.7 0.4 0.5 0 0.5 0.3 0.5 0.5
400 0.6 0.4 0.5 0 0.2 0.3 0.5 0.4
500 0.5 0.4 0.5 0 0.2 0.3 0.5 0.4
630 0.5 0 0.3 0 0 0 0.5 0.5
800 0 0 0.3 0 0 0 0.5 0
1000 0 0 0 0 0 0 0 0
1250 -0.6 0 0 0 0 -0.8 0 0
1600 -2.3 0 0 -0.4 0 -1.0 0 0
2000 -2.5 0 0 -1.5 0 1.0 0 -0.5
2500 -1.2 -0.5 -3.0 -1.5 -1.5 0.8 -3.0 -0.5
3150 -0.8 -1.5 -3.0 -1.7 -4.0 -2.0 -2.5 -1.0
4000 --10.0 -5.0 -5.0 -5.5 -5.0 -5.0 -1.6 -6.8
5000 +5.0 -6.5 -6.0 -8.0 -7.0 -5.5 6.4 4.0




51680 37642 51678 44248 44250 51686 ,1696No.	 _
S-8 Right Left
S-9 Left Right Inlet
P-7 Inlet Left Right
P-8 Inlet Left Right
N-7 Inlet Left Right
N-8 Inlet Right Left
N-9 Right Inlet Left
N-10 Right Inlet Left
N-11 Right Inlet Left
N -12 Left Inlet Right
? 1	 62
APPENDIX C
1/3 OCTAVE SPL TABULATIONS
63
SWIRL COMBUSTOR N-7 DIFF. SCREEN RECESS SWIRLERS
PONT 3 FONT ' 43 RONT o ,
COLD R,OW W IOU NDT aE )R 71
1/3 OCT
FRl Guk NC`
( '4,  1 IALET LEFT RIGHT INLET LEFT RIGHT NP.£T LEFT FIGHT
50 133.6 117.6 Q&9 I a b.4 156.6 127.4 17:. 7 161.6 128.4
63 133.6 177.9 1346 174.4 15,.1 132.2 114.6 161.9 132.9
b0 137.4 ITT.b 134D 137.1 160.] 133.6 137.tl 162.2 134.2
I00 135.1 17P.0 1344 136.- lbb.k 130 . ) 137.5 162.0 130.;
125 442.9 176.0 1324 190.5 1596 9 133.7 149.9 162.7 133.5
160 14+.3 176. ,# 1326 141.5 159.1 132.3 140.6 162.7 122.3200 147.0 179.2 1331 143.7 159.4 136.1 192.9 163.3 132,5
250 151.5 178.7 136.4 146.0 160.0 136.0 146.4 103.o 135.7
31s 150.5 177.. 1369 146.3 1sY.6 140.2 146.5 163.e 13,.3
400 146.0 170.1 1379 195.7 159., 142.2 14s.P 163.5 134.9
500 147.4 170.3 137.6 1#44.- 15b.6 143.1 14:.9 162.7 140.3630 1sl.b 176.2 1386 147.7 150.s 14U.5 1l#7.9 162.6 138.5boo 146.r 177.0 149.6 146.5 1:,.1 147.0 146.9 162.1 146.4
luou IS 1.7 176.3 l6, .e 144.6 157.7 162.• 144.3 162.0 161.3
1260 152.1 173.5 160.5 14 .5 157.2 156.1 143.4 161.7 156.0
1600 150.9 174. 0 16:.6 141.1 155.4 157.1 142.5 15,#.4 151.3
2004 153.9 174.5 117.2 144.2 155.6 175.5 144.. 160.0 172.7
2!00 170.P 162.7 147.2 151.1 155.3 147.4 154.7 I!S.4
3150 161.0 165.6 160.2 151.5 156.1 151.9 lfl., 154.6 151.9
4000 155.5 156.3 351.1 147., 143.4 142.5 147.6 147.4 141.6
Soul 160.3 154.3 152.7 152.0 144.7 142.2 151.6 146.7 141.)
6000 156.6 14,.7 14,.5 144.4 139.6 141.7 14 L2 143.5 140.7
,000 127.6 434.7 1:0.3 117.7 125.0 126.5 117.4 127.6 126.0
100uo 135.1 140.2 137.1 125.7 126.2 135.3 125.5 3:,#.6 134.5







IN21	 INLET LEFT IR1GNT
	so 	 135.4 162.: 127.0
:	6 	 173.4 164.0 128.7.
	
60	 136.4 105.3 1`3.0
	
lu0	 136.3 164.4) 129.5
	
125	 139.3 164., 1"`2.11
	
160	 140.2 164.6 131.3




315	 147.5 Ics.5 141.1
	
400	 146.9 164.5 144.0
	
Sou	 145.1 163.4 144.9
	
630	 141.3 163.6 '42.3
	
50o	 147.2 163.3 146.4
	
1000	 1M.Y 162.4 167.6
	
1250	 144.3 lt].4 156.7
	
1600	 341.1 1010.7 157.5
	
2004	 145.2 160., 173.6
	
2500	 14R.] 16'.1 15S .s
	
3150	 '52.3 Ill.. IS2.0
	
4004	 147.3 147.6 141.7
	
5000	 151.4 147.1 141.0
	
6300	 141.3 141.] 140.9
	
,000	 117.5 1211.tl 126.,
	
1000u	 125.6 131.0 135.3
QPJGZNAD PAC's; IS
QF pWR QITALnY
OASYL	 .159.7 176.4 174.3
6 OCTAVE SPL LEVELS CORRECTED	 50-5000 F* 0(ky
64
POINr w •	 32
OL E NOT





































































































































PQWTw	 IC7:11D 11CI ZIE 
R^^L7





136.7 131.5 1:3.7139.3 1:7.5 127.3
142.1 179.5 129.5
144.4 1.1.2 131.4
14L 1 131. 3 131.4
137.7lil.! 13I.S












128.3 1i 3.. 126.2
155.9 142.7 144.7






















137. t: 130.8 135.3
142.1 133.• 132.0




POINT A •	 66
SLTO NOT
INUT gE RS(&T


















150. 9 1 41'. !0 13t.b
139.e 156.3 136.8
1M.i ISP. 4 135.7
143.4 139.7 135.5
137.1 136.0 133.0




























135.3 1i 7.6 119.0
130.9 123.V lis.S
16u.3 151.3 1!1.6











152.2 1 4 1.4 141.4
153.7 144.5 143.9
ISS.Y 145.6 144.5
13, .4 144.1 143.9
152.4 143.6 144.0
154.0 142.0 143.0
156.4  141.1 145..
149.2 140.3 145.6









































164.' 154. 4 155.0	 lbb.4 .!3.6 154.7
^3 OCTAVE SPIL LEVEL CORRECTED




SWIRL COMBUSTOR N•9 OUTER SWIRLER FRONT END
O .	
1
POWNTO. 21 PONYT/ 33
utrcr -IDLE COLD IDLE NOT DL£
L£
MEO7T
1.21 A K.ET SIDE
T
^E INLE T 4j ^iR1 &T 09-17 SIDE SrOE
f0 15S.0 121.4 I[0.) IS..Y 1[4.1 t. ♦ d lSn.S 11S.o 125.)
♦) 110.7 122.6 123.7 ! >tl.o 116.5 111#.8 lS/.e 127.5 12b.1
Yo ► 57.9 122./ 122,! ISv.I 130.7 130 A 11 e.6. 1)1.9 13..0
100 156.6 1:3.4 126.0 160.3 117.4 1Lb.1 146.0 1'10.1 1111.9
1.5 161 .b 1[v.b 133.6 11.1.3 132.4 1,4.7 .OU.v 111.4 134.7
160 102.3 124.6 115.9 161., 130.1 130.3 t62.0 111.5 131.1
764 10 ).) 120.4 110.7 161.8 131.9 1) ► .0 401.4 132.0 U2
[Su 161.0 130.7 132.1 161.7 135.5 134.6 100.1 137.s 136.1
al 5 l6[.a 132.5 1 101.0 130.0 137.) 16..4 140.6 13".t
400 10. .5 ►34.5 134.6 16 t.5 140.1 140.1 101.0 142.0 147.2
Sou 101.1 155.0 133.6 16?.d 140.4 137.7 101.1 141.5 14c.1
610 114.1 170.0 114..2 101.2 140.2 135.1 161.3 139.7 138A
soo I55.4 137.O.1H.! 15b.2 ►60.0 135.0 110.1 140.0 UO A
1000 153.: 136.5 ►32.5 If 6.0 136.1 134.9 116.0 139.2 137
1 Hu 154.7 1166.3 ►)2.5 Un.7 134,4 135.2 156.6 Lfe.4 131.7
Ieuo 146.5 130.6 133.4 If O.S 1)6.4 139,1 lfli.v 141.7 143.1
luau 140.6 136.,? 02.6 140.3 ►35.3 134.0 14. .5 13b .I lit .0
2$00 154.3 129.3 131.0 10l63.7 127.0 132.1 103.7 133.0 132 A
3154 149.1 127.6 130.0 b.f 125 .• 140.0 kt.e 1i).S 134
4000 143.6 116.1 140.4 141.9 122.9 134.► 161.+ 130.6 134 A
5u 136.6 11S.b 127.6 Ill.tl 119.3 12v.f U /.7 134.4 134.2
:sou ls4.l 111.4 125.1 123.tl 115.2 127.2 12:.7 112.6 125.9
6Wu 133.v 1. u.1 125.9 134.3 119.0 125.9 04.2 124.4 121.1
10000 114.b 120.0 U4.0 NS.2 121.4 120.0 980.1 122.2 11,4.1
06111 172.1 140.5 146.6 117.4 146.9 146.1 tn..) 151.0 140 .ft
POINTre 42 00INT0, 54. IdNT^ M.
I's
	
Icys6L wl Nlr IDLE HOT SLTO HOT SLTO NOT
Iti. 1 INLET 99 SILFq^^ ^_T J2 qSI^ a -T +$u
SO 156.4 424.0 115.0 161.0 It7.6 17tl,1 663.1 1.6.2 127.6
e) 1"111 1'[7.0 126.4 14..♦ 116.4 119. ► 143.9 127.9 09.0
60 156.1 131.1 U., ►65.1 1	 5.7 135.0 145.0 135.3 115.1
100 160.0 l[7.f Il b.l 145.4 1)0.9 131.5 140.4 1,9.0 130.7
115 140.6 132.1 734.4 166.4 134.0 134.6 147.+ 1^4.b 135.7
160 161.6 130.1 130.3 IM.B 134.2 134.1 147.0 135.0 114..6
iu0 ►:2.1 1.31.9 132.4 141.7 134.0 134.0 161.6 135.0 135.0
250 &W.4 136.0 135.0
to .0
135.: 136.1 146.6 136.2 137.0
315 Ibi.9 136.7 130.7 110.6 137.1 136.1 110.3 137.5 136.5
400 163.3 139. 11 140.6 11..4 141.6 143,1 161.7 140.[ 147.0
Suu 1b3.e 159.3 139.1 15	 .0 144.7 1.S.5 151	 b 143.8 143.1
030 162.0 130.2 137.5 105.1 143.2 146.1 151.0 141.0 143.4
600 159.0 139.1 1)6.2 104.0 163.0 14760 X1.0 141.3 143.6
1000 157.0 130.0 137.5 ►04.5 141.2 14000 M I.2 140.3 162.3
1L50 111.. 131.0 150.0 140.0 154.3 151..0 140.4 14•,.4
1,00 l5a.0 140.. 141.9 If0.9 141.0 151.2 ISu.b 140.1 146.0
[u0U 147.7 137.4 136.7 140.0 141.3 142.7 146.4 141.i 145.4
2500 154.0 131.7 136.1 100.0 130.4 13SA 1W .1 137.0 141.1
3150 149.8 13? 
0
949.2 1365.0 139" 150.9 136.6 164.9
.0. 144.1 134.2 133.7 166.2 136.5 134.0 097.6 142.2 143.0
5000 136.4 124.5 1714 144.2 133,6 119.6 144..3 141.0 131.1
0300 124.0 I.Y.I 124.2 12v.2 133.6 Ils.O 121.0 1)3.0 122.•
roue 114.0 1211.1 111.2 13,:1 136.2 111.2 11 t.a 127.2 113.6
10000 121.4 123.7 111.1 U 1.4 135.1 111.1 017.5 123.1 113.0
041PL /12.8 149.4 150.2 964.3 IS2.6 15663 063.2 152.4 154.0
POINT'= 710 ADINT o e 66 pppjmr,4 r1/.	 UC7 SLTO HOT AST HOT TO COLDSL101 W16K r
1.21
/ F^
MEET 370E S Al T WUT S►DE S!^
5u 141.7 125.5 126.8 161.6 127.1 1, 7.1 101.5 124.5 125.0
663 14).2 126.0 129.0 161.2 126.4 120.0 too.1 125.0 126.0
eU 144.5 13..3 135.1 14, .0 135.1 135.1 152.1# 132.0 131.5
100 145.b 124.[ 13 U.6 04.1 131.5 131.9 15).1 127.2 127.4
1.S 1,40.5 136.n 137.. 145.4 134.1 134,5 154.. 132.1# 133.1
160 147.0 115.0 130.1 146.6 13}.5 13440 1M.2 131.7 131.9
200 167.3 136.1 1366.0 166.0 134.9 135.0 i26.8 132.9 133.1
2S0 146.2 136.7 130.6 14tl.1 135.5 136.5 1066 936.3 134-0
313 144.6 137.5 136.8 141#.4 135.5 137.0 L37.., 135.66 131.4
400 151.2 140.1 147.4 15U.b 140.5 141.2 IS?., 136.6 137.0
500 151.3 141.1 143.1 150.7 144.0 143." 151.6 13b.0 136.3
033 110.5 139.! 141.4 150.3 142.7 145.5 ►17.0 137.4 138.2
600 ISO.S 139,1 141.0 159.0 141.9 146.1 1W .! 138.6 134.7
1000 IS1.4 139.1 140.9 165[.♦ 141.3 14,.1 162.6 136.2 I
lISO 154.7 134.3 143.8 15..7 1+1.1 LS1.S IN.1 136.6 14:.1
1601 149.7 139.7 143.1 110.0 143.0 157.5 137.4 14.1.4.,z-
147.9 140.2 143.6 141.2 143.5
11'73
147.0 153.b 135.4 140.0
2500 1.1.7 136.8 140.7 141.: 140.5 137.1 106.7 130.9 130.0
3150 150.. 137.3 145.0 1. 1.7 142.4 114.4 101.6 131.4 135.3
4.00 147.4 1311.9 142.2 14..2 142.1 131.9 147.5 136.2 134.6
5001 1.4.0 130.7 113.) 14r.0 134.7 114.4 145.7 133.3 11F.2
t 3uu 126.0 1[4.3 123.0 130.1 I[S.4 116.1 130.0 117.1 115.5
6u00 131.7 1[6.6 113.9 I1..6 116.1 III.S 1_► S.6 124.3 111.3
10040 117.0 125.0 112.9 180.2 126.4 114.2 I2S.S 121.4 111.6
O:SPL 162.4 1:1.2 153. 1# 162.1 153.1 156.0 111.1 148.5 15[.5





































































SWIRL COMBUSTOR N•10 DIFF. SCREEN, REDUCED DILUTION AIR
^^ Qv
POINTS!
I DtnE COLD FLOW
1
151.2 W:7 120.0




















 1 3hf 170.4
125.7 174. 0 170.6
160.6 147.0 144.6
-IR"A T w -	 47
IULf HOT
I A1.ET
 L E F pp I F
^i T
143.2 129.1 126.21M .S II3.9 134.4
)52.4 1?f .1 131.6













139.7 136. 0 133.0
110.6 131.4 131.1
113.5 1?1.! 13C.f








T?V o 134.2 134.4
131.6 133.E 133.:
1::0."
134. 4 1:4.2 13•.0
137.? 135.1 134.3
-icl.-t- 136.6 137`.e
147," 1 40.6 140.3
140.7 1 . 1.7 141.7
131. 4 1. 1.1 141.2
141.2 141,t 142.0
144.5 1 40. 4 141.7
- 153.1 14-6 F fiwc .
147.1 141.1 143.3
1 4 1.7 1 42.1 143,6
-ECi.l l3T.?-134-,-
147.4 145.0 136.6











1S':? t24 .S I26.•
19•.7 133.! 131.7






14f . 4 L' 0 .n 139.6
141.3 137.0 130.1
16.2 116.1 137.9
139.7 13 4 . 0 I^S.2
140.7 110.2 130.6
119.4 1".0 3Il6. ♦
























139.5 139.1 135.9 _T^^
1? R .I 1 ?7.t 1)4.6
125.1 13f .t 132.0
IS 7.3 IS2.6 152.1





























7'15.0-7I9^ - l?4 T
154. 6 1 •.3.7 1`53.4













111.9 1.1 .1 111,1





4!•4  "Y : 
t 130.0
179. •
 1?^. R 136.1
140.1 I?C.t 1?1.2
119.• 137.2 13•.6
IN. O 13t.t 111.9
1	 4,
IlS.S 137.0 130.7
12S. o 12•.4 120.9
161.6 IS1.1 151. 1
Z^ND1T(^7Ttr
$LTO NOT




1 t0.0 ]!!.I 1*1.v
132.0 13°.S 1?5.2








142. 7 13R.S 137.5






.INLET Lb FT A^ 1IGflT
131.1 127.6 173























I/3 OCTAVE 5PL LEVEL CORRECTED SO- 5" H= ONL.L'
^j	 67
SWIRL COMBUSTOR N-11 DIFF. SCREEN FULL DILUTION AIR
POINT I • 1 POINT 0,	 . 21 FYJINT , • 42
1	
1t 1 IDLE COLD FLOW IDLE NOT IDLE t0Tf0 I oQ ur hCr
I",I r
,NILE &Z JW INLET I/pf INLET
S4 13•.• 171.4 17r .6 13•.! 116.6 177.1 If'.V I/6.c 7[7.7
6) 1)+.l It a.l 1t: .> 114.4 179.1 IN.J 13•., 154. 0 121.•
BO I.:.v 119" I. 1.1 I15v 1$3.1 134,! 7.5.4 1.3,6 114.7too Iae.S 1765 171.1 136.5 I. ".2 1?9.? 136.7 159.7 171.•
1.5 1a 7.6 13S.P 1.".6 1)Y.0 1.6.4 1:1.9 137.l 135.! 112.1
leu 11,4 175.7 1?5.2 136.6 I:u.S 131.1 136.-0 131.2 131.0
7,0 11V.3
1137
711.2 117.0 164.4 1!1.7 If1.5 139., 1.12..1 13
a 5 u 157.8 .21 130.7 141.1 1-4.• 1.14.5 141.1 I3S.0 131.1
115 1r[.i 1:.. .4 13x.0 141.6 137.0 I +e.t 1.119: 1.17.6 1!9.7
400 Ir 1.. 113.7 113.! 141.! 176.1 179.6 111.6 13-0-.I. La O.•
tv 143 .9 1)1.1 133.1 14 4i 13.6.1 Iro.6 Ul.r ► 40.0 141.7
,I 151.5 137.• 13?.7 14 M lit.1 138.9 143.• 1.17.P 131.•
900 143." 136.[ 114.2 141.5 1$6.1 137.7 I.5.- 136.. 131.3
103, 144.6 137.6 13?.9 1	 + 116.5 137.3 1411.1 137.• 1. 1
115L 151.b 1.159" 134.4 1	 ..l 13>.2 136.1 1.9.;, I_S.V 137
3.
.0
It Oc 1•v.t L 6.5 2114.1 145." ► 15.4 117.3 146.. 136.5 131.0
20,0 la ..l lf7.k 1). •1 L4o.v 1"11.3 134.6 Lau,v 137.6 134.9
2 Su0 11.6 11..3 141.5 141.9 177.7 lal.l :41.1 1111.1 1.331
3150 l41.0 145.♦ 136.4 147..1 145.1 136.0 I41.b L4S.4 13..0
4000 13t .b 130.: 136.4 1.0.[ 1i-o	 1 141.1 140.[ 130.5 141.3
5000 1 3h.6 13+.6 1!4.11 1fP.P 112.1 133.0 131.6 Iit.P I 	 3.0
e 3u0 176.6 1.11.1 179.5 IdS.1 110.4 114,0 l,a.t 13.1.1 130.1
11770 13+.1 1.10.7 lit .3 135.1 130.1 130.4 IJS.-4 134.7 1)0.5
14000 ll•.3 124.5 133.7 126.1 114.1 119.1 176.4 124.5 121.4
01SPL IS..b 14Va3 147.6 1^6.1 1.19.9 14-0.9 ISt..I 150.5 150.4
Kw o POINT P f33 e9 POINT nov . t t I
M (,uf NC r IDLE NOT SLTO HOT SLTO FqT
11.11 INLET q6
j^ Z




%D[ E T INLET JIB
SO laf.9 116.9 1?1.00 179.8 175.3 115.1 11^." 1	 5.0 I's.?
e3 13+.1 I30.o 130.7 117.5 126.1 177.1 l2P.G 111.0 IJ..O
110 115.4 Ill.! 114.3 177.7 115.6 Ilb .e 128.0 136.5 177.6
[ np 136.4 129., 179 .3 129.4 131.3 131.0 1[4.0 111.3 13.1.1
115 1x7.6 1:6.1 131.2 134.f
13,3,
1-47.6 13[.1 131.? I.1Y.S 133.1
160 13t.6 111.9 137.1 134.1 134.6 1)7.7 111.9 134.1
100 140,0 113.4 137.1 133.5 2133.1 173.1 133.6 133.0 133.1
150 141.4 136.? 117.. 134.6 154.0 172.1 13+.9 134.• 134.4
315 141.• 13'..1 161.3 136.+ 133.3 154.1 13..(' 134.V 135.6
400 141.7 140.7 141.2 137.5 1$6.5 1.6.8 :3I.: 116.0 136.6
Suu 1.1.11 7+1.1 142.7 1)5.6 136.S 136.9 115.7 136.3 130.9
6 3p 1+3.5 13..9 140.S 135.1 1.6.0 137.5 133.0 133.4 137.0
bu0 14".2 137.6 134.0 137.8 136.2 137.1 137.3 IlS.O 136.6
21„0 1411.3 13..1 136.4 111.4 136.6 137.1 133.1 IaS.3 135.7
175u Ir9,l I-6.> 137.7 132.7 136.5 137.4 131.8 135.4 136.♦
1600 1+6.4 13 7.21 151.1 130.7 1.179. 13 11.0 170.4 116.1 137.2
7,uu 141.1 136.4 135.4 131.3 1 4 1.6 139.1 13... 140.1 137.•
2500 142.3 Ike.' 171.4 131.7 112.0 135.1 131.4 130.6 1	
.
1150 142.7 145.7 137.9 137.5 146.[ 134.2 136.6 145.9 133.3
4000 140.3 130. 5. 140.9 134.5 130.6 Ill.e 153.5 .110.2 132.1
54,00 136.♦ 131.1 133.2 1J3.6 134.2 134.1 131.6 134.0 111.7
6300 124.9 131.5 I	 .3 171.• Ise.3 134.1 110.9 134.. 131.5
.00u 195 1 130." 131-.1 111.4 134.2 132.2 131.4 1)3.1 131.0
10000 126.1 174.5 13:•0 I?S.1 130.5 131.2 124.0 131.0 131.1
01 SYL 156.1 1"1.2 151.3 147.0 150. 9 149.7 146.7 150.5 140.6
FONT. 1. POINT P6 POINTO.11 , ucr
SL TO F0T SLTO NOT
69
fN ( yUl NL • SLTO HOT
1 w7 1 INLET tI UE INLET }fig IDET INLET T IDE
SO  .9
12,"7.3
127.E 177.0 177.1 la i. ♦ IlS.O It 111..1 1.14.!
113 130.0 127.4 115.4 176.. 175.7 111.6 126.6 174.6
110 1i7.7 13e .S 136.1 176.4 130.2 115.5 12S.5 13n.3 131.1
100 17f.6 137.9 132.1 111.9 126,1 121.. i1b.l 126.317S 1)0.6 139.6 131.5 128.1 137.5 179..
12 
P.213 L 5 137.5 121.1
160 13$.5 133.5 1 
31 .0
150.8 130.0 131.5 171.: 130.7 134.6
IOU 11.1.1 113.1 1 3 111.3 132.0 110.5 11-1 152.0 U $.4
750 134.9 135.4 172.1 134.9 13.5.1 131.6 136.6 175.0 114.5
its 116.4 115.6 133.0 139.6 13t.0 134.6 131.6 131.9 134.1
M" 137.[ IA 36.4 140.5 133.: 136.4 137.0 111.9 133.3
500 I36.2 16.7 137.5 117.4 133.6 2136./ 131.4 133.9 114.1
630 133.• 117.2 137.7 134.0 131.7 1)•. 5 I)l.1 131.7 131.7
eW 112.7 137.1 73..7 137.8 131.7 .17.4 177.4 131.6 3	 1
10 w 135.4 11..3 117.1 140.1 130.5 136.4 1)3.0 110.4 130.9
1751. 131.0 117.7 137.P 119.3 1?P.. 136.4 131.1 1.9.6 179.9
It Je 130.7 136.7 119.6 Ue.7 129.< 1)..0 174.1 129.? 130.:
1000 131.3 113.4 140.7 136.8 132.9 136.0 12-0,3 1$: v I30.e
7500 I/21.7 133.1 135.6 136.2 115.3 134.6 130.5 175.1 177.)
3150 117.1 151.0 136.7 119.9 145.3 135.6 137.3 145.2 133.2
4000 133.9 134.4 132.9 137.. 119.3 135.1 134.7 129.7 2134.7
54^0 132.9 136.? 134.1 117.5 111.4 132.9 134.6 1-1 1a 9.•
e 3(,0 121.7 131.9 134.8 It).e l2f.S 171.5 171.5 176.4 1?S d
6000 137.7 133.1 117.3 131.6 117.1 1lu,e 132.4 21[7.6 127.9
10004 124.2 1[2.1 132.2 171.1 176.0 I2V.S 124.0 I?7... 117.•
04SP1 146.9 153.P 149.5 I4S.v Ir6.4 1•.,• 146.9 114.3 1•S.2
OCTAVE SPL LEVEL CORRECTED 50-50X H>s ONLY
68
SWIRL COMBUSTOR N-12 DIFF SCREEN PRESSURE ATOMIZING NOZZLES
POINT OF I POINT- 21 POINT 421/3 OCT HOT HOTFREQUENCY CO LD IDLf^EjjFLOW IDLE
INL I




^48J t% T IT T
(
370E 710E
SO 112.2 121.S 127.1 161.' 126.1 115,0 167.0 129,17 131.3
63 172.5 126,1 124,1 168.6 129.7 lll.l 167.0 133.7 134.0
!0 172.8 177.5 124.6 169.0 134.0 134,9 167.0 134.6 1I!.7
IUO l7),I 128.2 126.5 1tr9. ♦ Ill.l 172.8 167.2 I17.! 174.5
I2S 17L7 13a.2 135.0 169.5 176.1 177.0 147.7 1f 1.{ 131.0
160 173.3 129.3 128.♦ I69.S 174.5 l)f .4 161.1 1311.0 119.0
IOJ 173.1 170.2 129.2 169.S 13-3.8 137.6 161.2 171.9 140.3
2S0 177.9 117.1 172.9 170.0 178.9 140.0 167.7 140.4 141.9
31 5 1 74. 1 113.1 137. 0 1 70.1 140.0 440.6 16 7.9 142.0 141. 8
400 t75.7 173.5 133.9 111.S 141.0 141.1 168.7 141.1 143.2
SUO 115.7 133.2 137.5 177.2 140.1 140.3 169.7 142.1 142.)
ef0 113.5 133.0 172.8 111.3 119.0 135.1 169.4 140.2 140.1
00o 170.8 132.7 132.4 169.2 178.1 118.8 167.4 119.0 l31.t
IDJU 161.6 131.1 172.1 l67.l l76.b I36.S 165.8 l71.l 111.9
12SO 166.8 177.9 133.4 166.7 116.7 11`..6 l6d.l 176.0 111.1
1600 161.1 134.1 175.2 160.1 176.3 116.7 159,8 136.3 1717.0
2000 161.2 172.5 172. 9 159.1 174.2 113.7 156.7 174,3 ► ]!.9
2500 166.9 111.5 117.4 161.8 125.7 131.1 161.8 130.2 133.9
3150 158.4 114.4 147.! 157.2 131.2 143.1 LS6.S 132.2 144.2
4030 151.2 144.4 142.6 151.7 131.2 11) 9,♦ 150.0 130.4 147._9
5000 IS4.3 113.2 111.1 1'0.4 110.4 01.7 140.2 131.5 1f 1.7
6300 177.1 170.2 129.7 174.6 120.9 111.2 135.4 130.1 119.1
8000 L4S.0 170.2 125.8 143.0 170.7 125,: 144.8 132.0 114.5
IOuuo 174.5 124.0 127.6 114.2 126.4 120.2 175.2 121.2 1I1.S
ObSPL 185.0 148.0 149.6 181.7 149.9 151.2 119.1 151.2 153.0
POINT' - 33 POINT
'-
69 RANT' 710123 OCT HOT SL TO HOT SLTO HOTFREQUENCY IDLE
1"11
INLET gE TW INLET J4&[ T %y 7NLE7 W
50 164.7 129.4 171.3 16C.7 130.1 110.4 160.2 120.5 12S.9
63 164.9 133.4 171.9 161.2 130.9 111.6 161.1 130.9.110.1
all
175.7 111.7 162.6 137.3 131.1 167.1 ► 16.5 131.4
100 164.6 132.9 134.1 167.3 133.7 134.4 163.2 L32.7 131•{
125 164.8 178.1 130.5 163.9 130.♦ 176.5 164.0 U 0.' lI6,S
160 164.9 07.7 119.3 164.5 136.1 131.1 164.5 115.1 170.1
200 164.8 139.6 141.5 165.3 136.6 137.4 164.8 175.6 176.4
250 165.3 141.0 142.5 166.3 138.8 138.3 1tr6.0 138.2 ,38.1
315 165.7 142.0 142.2 167.1 140.7 140.6 166.8 1{0.4 140.0
400 166.5 142.5 144.1 167.9 144.1 147.7 167.6 143.0 142.2
SOU 167.6 142.4 142.8 168.8 143.7 443.7 168.8 142.1 142.1
630 167.9 140.6 140.9 170.3 142.3 143.9 170.2- j41.Tj42.0
800 166.3 119.2 140.0 170.9 140.7 142.0 170.7 140.4 141 .1
1000 165.0 177.8 138.4 172.8 l4C.7 140.8 177.6 140.6 141.2
1250 167.3 136.E 131.5 174.2 179.2 140.0 117.9 131."40.2
,bu0 IS8.9 136.3 137.5 170.2 140.0 139,9 170.1 140.0 140.♦
2000 155.8 134.4 171.2 165.1 138.' 140.7 l6♦,7 138,3 141.9
2500 161.0 170.3 171. 4 167.1 132.8 137.6 101.5 132.2 140.9
3150 1SS.8 132.0 144.9 161.2 130.5 147.5 160.3 130.5 141.8
4000 150.6 137.9 141.7
".,
131.1 145.0 lSS.2 131.3 141.♦
5000 147.9 111.5 127.! 153.2 170.1 130.5 IS7.1 1'30.4 127,0
6300 134.6 170.2 117.2 137.9 129.0 118.2 137.4 128.4 114.)
0000 144.7 132.1 113.7 144.7 128.4 115.4 144.5 128.2 114.9
10000 175.3 120.7 120.9 135.6 128.5 110.4 135.5 121.! 111.1
ObSDL 177.8 IS1.6 153.4 181.1 IS2.2 IS4.7 180.9 151.6 153.0
POINT Se POINTt 98 POINT- 601/3 OCT SLTO HOT AST  HOT SLTO COLDFRE00 ENCY
INtI
INLET jF&Z TN' INLET
}^^HT
CIE SIDE INLET ^p^ §%1
50 159.2 129.7 130.1 152.7 127.2 130.8 1Sl.S 129.2 121.4
63 160.4 131.5 Ill .4 153.2 IlOJ 131.2 IS4.4 131.5 110.1
80 161.1 137.7 177.2 154.4 112.1 131.5 154.9 1)3.3 112.7
1UU 162.2 134.4 114.6 155.4 130.3 lll,3 156.1 131.4 130.4
125 163.1 1)8.4 11!.8 156.4 171.6 ll!.3 157.1 138.3 I34.T
160 163.7 116.5 131.0 157.4 133.2 136.8 157.9 135.8 176.2
200 164.0 131,4 137.3 157.8 174.5 111.5 IS0.6 136.: 116,4
250 16S.0 138.E 136.4 158.8 I3S.! 138.3 159.7 136.7 176.4
315 165.9 140.6 140.4 160.2 138.1 139.6 161.1 139.1 139.1
400 167.0 141.5 143.1 161.1 140.1 142.1 162.1 14t.I 140.4
SUJ 168.0 143.8 ,42.4 162.1 140.2 142.5 162.7 140.! 14C.0
630 169.3 141.9 141.6 163.0 138.9 141.0 163.7 140.3 140.,
000 169.8 141.1 140.1 164.8 140.3 140.9 164.9 140.6 11G.l
1000 171.0 040.8 140.7 lbd.3 139.1 441.2 167.8 138.6 118.1
1250 171.2 138.! 138.9 170.6 131.2 139.1 170.0 137.0 137,1
1601) 169.0 140.3 138.1 168.1 138.2 130.7 169.0 130.6 111.5
2000 163.6 138.5 14i,1 162.4 1)6.1 142.2 164.8 130.1 140.9
2500 166.5 132.7 173.1 164.1 130.9 113.6 164.5 111.3 172.7
3153 1S9.1 130.5 145.1 159.2 131.6 IS0.9 161.5 132.2 1517.0
4000 154.1 131.7 134.4 153.9 170.2 175.0 1SS.1 131.2 131,2
Su00 152.1 170.2 135.2 152.1 128.9 172.3 Is4,! 129.5 13) .5
6300 116.8 120.9 174.4 137.5 126.0 131.7 ,18.9 126 .4 130.1
duo 144.0 128.4 115.1 144.2 127.2 110.0 145.5 127.2 129.6
10000 134.8 128.4 117.2 135.7 126.8 12'..7 176.1 126.9 128.3
04SPL	 180.0 152.2 154.2	 176.3 149.8 194•S	 176.5 1SO.6 154.4
OCTAVE SPL LEVEL CORRECTED 50-5000Hz ONLY
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1.0.! 1sl.0 IJ4 2
1.7.9 151.0 135.1











169.. 1!! J 139.6
► 6.7151.0 144.2









lNT ♦ . 	 N
Wo I+O7.
1W77.7 169.6 14 L 4
177.6 110.1 14.2














1 . 2.0 1.3.2 1:9.2

















166.7 1 5 .3 142.0
166.7 159.7 143.0
1.0.I 1 9 ' 6 144.2
► 00.5 I. 11.2 144.6
































161.7 I'= 144.1l el .l 134.4 ►1.7
I.A.I 112 .0 144.9
















1..0.4 166. SE 14.!
1.0.6 166.9 142.7
In7.Y I46.o
1 . ,2.5 167.9 145.1
l e2J lcl.• 146.0


















142.2 1 •.4.40 112.&
,90.9 174.3 167.1





t. f.e I,9.r If&.3




16..0 150.2 142. ►
Ire 1 1 7.7 IK.S
166.11 ua.0
145.3 1A.9 441.6
R 3.7 137.0 /44.9
1u .6 1A.3 447.0
161.0 156.) 144.•
If 1.. 1'6.9 1+7.4
1'4.4 1'-&.O IN.•
1:3.+ l'.4., 147.&







lb.. 110 . 9 1f!!•(!
FDINT^ •	 ^
sLro 71D'T






I .2.S 1.6.3 143.4
192.1 In6.6 143.9
I&2.. 1.5.0 144.9
180.6 1.3.0 1+5.5Ian.0 I6.& 144.3
179.1 16.3 147.7
1 1291 16.4 150.3
116.6 16.2 151.6
176.5 166.1 154.3
173.4 11 ).4 I o).6
114 7 162.0 154.1
l ll .tl 159.9 LSo.1
1.4.6 16'91 1619/
1. 1.7161.7 157..W. 






142. 4 1+'l.a 122.2
1 r&.6 170.9 1416.1
u6SK	 191.1 172.6 159.0
J3 OCTAVE SPL LEVEL CITED 50-5OjO HJ ONLY
70
PREMIX COMBUSTOR P-8 SLOT, FLAMEHOLDER 2X INJECTORS
POINT ^	 . 1 POINT • I I POINTo . 2/
IOU NOT S L rO NOTIDLE COLD FLOW
INLET LEfZ 9LdiT INLET {^^^ P^/	 7 INLET ^	 1
16 °.4 150.0 I i0.1 111.2 Isl.o 130.0 170.7 1!7.1 I.O.f
U a.i ISO.^ 10.1 Il1.r 1'?.4 1^1
13
.' 170,7 1?f .' 134.•
170.: 1'0.3 1'O.n 17:.1 153.1 3,) 170.° 14.'.1 142,5
110.' 1 90.° 1'1.1 177.4 IS4.7 131.4 IT?.' 147.1 143.7
170.1 1°1.1 135.0 172.4 IS4.4 136.7 112.5 142.4 142,6
11°.S ISO.! 133.4 172.1 154.2 I]5 .4 IT7.9 143.3 143.)
161.• ISO.- 174.) 171.7 151.6 131.2 172.3 143,5 14].9
'6r .° 1 . 0.4 176.! 1+1.4 1 4 7.1 17r,9 112.3 149.6 145.2
11 0 , 5 14°.° 1?!.0 17•,1 111.9 141.1 117.' 14 7 .1 14t.9
I1C.4 IN.2 136.6 1+^.4 IS 7.3 145.7 171.? 1'1.2 149.7
110.4 14f.4 131./ 17.1 1451.1 142.9 173,6 191.9 151.6
169 .7 141,4 139.6 171.6 IS2.1 146,4 17].6 193.1 IS7.0
161.7 149.0 132.! 169.5 ISl.6 144.9 172.1 156.4 196.6
165.1 150.? 1'-S.! t6+,! 1 i 1.+ 145.1 170.1 1 1.1.6 154.5
162.° '452.1 141.9 166.2 1'7.7 'SS .7 ITO.2 153.3 IsP,7
147.7 IS 3.6 142. 1 160.3 1453.1 140.5 164.! 164.7 14°.2
143.4 150.4 140.6 1°6.0 1 40.4 145./ 199.1 151.6 1s:.1
112.° 14P.6 135.3 114.0 149.5 U• .1 'so.: IS1.9 151.4
150,6 153.9 14),0 161.6 IS3.7 141.4 t6,:' 194., '130./
146.6 I-10.3 145..^ 147.4 140.4 143.5 141.4 lll.l 160.2
144.1 1 40.0 131., 14-1. 147.0 135.5 147.+ 1.40.6 149.)
141.0 133.7 126.2 144,° l it.° 171.6 147.! 119.2 175.)
'113.45 1]1.3 131.1 136.7 141.4 140.1 1)°.0 147.♦ 121.1
1111.6 131.9 114.0 139.6 116.5 120.0 1)76 146.4 174.1
101.1 163.7 157.0 1 ►1.2 Its.? ISP.! 1P4.c 164.2 166.9
POfNrI• 39 POINr/ . 410 POINT1. as
SLTO NOT SLTO NOr Atr NOT
ALL ^4u MY INLET SIDE TW INLET iN S IDE
111. 5 117,4 1
5
30 ,p 172.1 117,2 1'_9,7 11),0 139,0 141.1
111.° 171.2 140.2 177,7 131.1 "40.4 11].7 130, 0 141.6
172. 1 140.9 141.7 173.2 144.0 144.2 174.4 141.4 ;43.4
112.P 142.0 147.6 174.1 141.7 14 7 .0 175.4 142.7 144.5
1111. 4 141.: 142.1 174.7 142.5 143.) 115.9 141.1 144.4
11).7 142.9 147.7 114,4 143.6 144.! ITS ,• 143.• 145.4
17).1 143.6 144.0 114.1 144.3 145 171.1 144.0 146.1
177.4 145.0 145.0 114.: 146.7 146.4 176.c 144 .1 147.1
17], 1 146.7 146 .e 174.! 14P.1 146.0 tle .0 146,1 14P.2
174.? 150.4 149.4 1745.6 191.4 1'C .S 176.7 150.4 150.7
119. • 1 41.7 163.6 174.4 IS2.1 Is2 J ITS .2 191.6 IS).1
174.0 153.2 152.6 17),7 154.9 154.6 173.1 152.9 192.1
171.! 196.45 156.4 110.0 154.8 154.• 170.7 lS&.z 136.1
170.0 1 4 1. 0 155.1 161.1 ISO
IS
161.7 1457.7 1.6.5
le°.' 143.4 191.1 167,1 IS?.7 1SP,♦ 167.! '54,1 196.6
163,9 154. 0 113°.S 162.' iA4,e 1Se ./ 167.1 1456,1 161.11
ISl.O 164.1 IS6.4 156.4 152.0 ISS.O IS45.3 156.9 157.4
150.5 152.6 153.2 197.7 160.3 150./ 157.1 154.1 IS1.1
161.7 15	 .9 154.4 160.7 151.5 150.9 199.1 1S6.1 150.)
141..' 141.0 1 13-.6 145.4 147,7 154,2 143.7 140,7 IS2.S
147.7 140.7 142.1 146.0 130 .2 142.1
11
146.1 140.5 149.2
141.3 l3°.s 172.1 144.0 131.7 140.7 IS1.0
Ik .1 142.5 127.1 176.r 141.6 125.7 176.4 14).0 1345.6
136.1 146.6 126.) 1 14 .6 145.3 123.1 134.4 147.5 129.9
Il!. 6 114,4 166.4 1115.3 163.9 165.1 106.7 165.2 161.9
P0INr 'F • 102









110.° 136.1 13°. !
171. 1. 1?F.1 140.1
1  '40.01 72. 5
17r , e 141.6
173.7 141.1 147.1
I T).2 141.0 143.1
490.0 141.3 144.1
O173.3 142.1 144.,
173,0 I L t,1 145.3
G,^
lJ
174.5 143.1 144 3











1&1 J IS 4.2 144.6
146.E 146.3 147.7
147. 7
 1 4 1.4 137./





















































































cW 91.	 164.6 I 1 ► .1 lSP.O
J4 OCTAVE SPL. LEVEL CORRECTED 50-5000 Hi ONLY
r	 71
VORBIX COMBUSTOR S-8 UPSTREAM SWIRLER NO DILUTION AIR
1/3 111-1 001687 w	 - 1 PONT .r	 - 21 POWT r
-
32
r 16 GN 61L9 COLD FLOW ME OLE Nor IDLE 007I117 1 INLET
SIDE ITTJfl2 S SIDE ^f(X






3 17).9 1)J.^ 116 .3 114.0
of 112•) 1)1.7 1271 l)1 . .1 11s.• 131.0 13,.6 127.16J 168.0 ll 10.6 176.• 1)4.3 132.4 130.0
100 117.6 1)).9 121.9 ► )4.r 113.4 It e.t 115.4 1)).6 171.6
17 • 141.1 141.2 137.3 141.1 141.1 133.7 141.• 687.6 134.06 142.0 132,0 130.4 I3T•S 132.1 ►)D.• 131.7 If1.• 111.0100 141.2 134.4 131.7 141.1 11•.1 1"31.9 14 ► .s L.34.: 131.0
ISO 145,7 I) 6•T 1115.0 1114:0 1)7.2 1. ":7 144.7 136.8 134.•
311 141.7 Ii 7.T 131.1 146.1 131.1 1)7.6 140.0 137.1 177.3
4100 14".1 131.1 118.3 14 T•3 145.♦ IN.7 IN.G 14).1 141.4440 1.7.1 W.1 131.1 157.1 141.0 1.7.9 ISJ.7 168.7 146.1630 1401.15 138.51 134.1 14 v.• 1. 5.1 145.1 149.1 146.1 686.7600 1. 9.V I17.2 30.7 146.. 144.1 143.1 14•.4 142.• 141.41000 1.0.7 117.2 136.S 168.6 14).1 0 3.1 14•,6 687.1 142.•
145 0 Le.7 ► 31.4 131.1 160.0 1.3.3 142.1 US•i 141.• 44t.o
1600 1••.7 111.6 q-9.♦ 143.3 14,.8 142.7 141.1 167 .1 1.1.62051 •) 145.0 139.0 116.4 144.2 142.2 141.5 163.6 140.6 140.6
,Soo 148.1 117.6 137.4 168.4 1:9.4 141.) ►41.9 111.1 140.13150 149.3 136.9 1)1.4 14-9.1 139.1 142.7 149.9 131.! 141.9
6007 139.3 116.9 172.1 al 1)6.5 L.O.♦ 168.0 1111.1 114.115000 144.1 13).1 136.1 113.• 1.30.1 146.1 147.0 I34.t 1.6.9
6300 ISO.i 134.3 IJV.2 146.9 137.1 141.5 14..1 134.1 145.6
w-J 16f.T 132.3 135.1 142.1 137.9 117.6 140.0 135.6 12-9.31
Iu00u 1-34.7 1,31.7 114.5 136.1 13O.S 122.4 134.4 130.2 113.2
013FL If1.8 IS0.4 I40!•7 159.6 tSS.J Is%.% 1511.0 154.0 15•.9
POINT 46	 a 4l POINT . !1 Pot /I 1 710 641/ 5 	 (JET IDLE NOT SLTO Nor SL ra - NOTF6IJULMLI




S IDE INLET SIDE
SO 131.3 121.% 124.0 14..4 131.0 130.? 1111.7 13I.S
132.0 172.5 12 e.7 141.1 131.3 111.0 IS1.6 134.)
V
63
134.5 137.3 Uu.l F4).t 13).3 130.5 ISd.v 1l 3.1
1110
1)S.6 11).6 116.. I4%.31 1)1.3 L7S.1 ISY.6 1)6.9
- 5 147.0 141.6 133.4 IN•7 143.4 133.6 160.1 143.6
160 13x.3 133.1 130.1 141.1 136.• If4.v
it
135.1
200 141.) 136.0 1)2.! 148.7 136.1 134.• ISV.% 135.•
250 IN .1 137.6 011.1 149.5 13 .9 136.2 IS9. ♦ 137.2
315 1.0 .1 131.6 171.0 111.5 134.1 131.7 IeU.0 131.2
WO 147.) 147.4 168.1 Is 1.5 141.. 14u .6 160.15 1.0.9
500 IS f.s ISO.) 141.• 111.1 1.4.15 143.0 161.6 lN.♦
6!O 110.0 146.2 ►68.6 IS).7 1.7 .4 1.7.0 IM.O 147.0
81.0 141.3 IN.S 1.3.7 111.3 I.V.I 1.7.9 164.. 1.7.6
1000 1411.1 144-6 16)-7 192.3 141.9 148.4 161.7 141.9
12su 14:.7 164.3 163.7 1446.9 168.9 169.1 161.9 14d.0
1600 14".8 144.1 143.7 146.9 146.6 146.6 162.0 151.4
")On 11, lb 143.3 142.0 146.6 146.6 147.1 IS4.0 IS1.1
1100 147-6 1.0.1 141.) 150.6 147.6 148.5 161.6 147.9
315J 149.6 140.0 111	 " IS1.S 144.7 Is 460.1 146.6
4000 11341038.7 137. 1 138.1 141.1 1)9.9 IN.4 147.7 140.0
5000 14:.6 136.! IN.3 14s.1 139.3 1ST.. IfJ.I 131.1
6300 147.• 177.7 14S.6 148.1 140.3 141.4 1410.7 161.3
f 000 142.5 139.7 135.3 I4 S. •, 140.0 133.9 If4 3 140.9
Iu000 134.7 13).6 146.6 141.9 140.7 132.7 140.0 130.1
U4),•L ISO.? ISAF.3 156.2 163.1 156.3 IS9.8 11S.11 158.9
POINT r rlo POINT •	 . 118 POINT 9 - 224t113 Oft
f6FY11F6f1 5L TD"NOT S(TQ' NQr S4TO' CCl3T
IMI1 INLET Al INLET
3
Lfgl INLET
10 ISl.6 1^:61J.c) 441.1 119.5 441.0 118.4
tl IS2.1 2.131 1 41.9 131.5 141.4 130.6
ea 1!).e 141.9 L47.4 11..6 141.1 131.7
1110 113.1 141.4 140.9 134.1 163.6 111.0
125
%4 .%
139.3 145.1 1)6.• 144.1 136.4
140 154.6 139.4 146.8 134.8 145.1 111.1700 ISS .9 U6.V L47.tl 1311 446 U3.S
)%n Ise.! 131.4 Iw.O 1]7.0 141.1 1)4.7
315 IS1.6 141.1 IS1.0 1)1.0 ISIS 136.8
400 IS 146 111.6 141.) IS1.2 If9.6
500 160.6 1487. ISI.S 149.0 ISU.I 140.3
6111 161.6 141.9 117.7 1l.2 ISO.f 680.1
600 160.6 1s0.6 IS3.6 1.
68
1.7 113.1 140.9
1ou0 I:S.3 150.3 163.2 7.6 IH .4 140.•
IJ SO 168.4 1493 161.9 166.6 161.2 131.2
w u 156.4 149.6 IS6.6 147.! 1.3.1 1.,.)
)n On IS4.J 150.0 151.9 141.- ISO.1 142.1
7560 160.1 167.! IS1.1 147.0 192.9 163.03150 156.4 1.4.1 If 1.6 68)3 I91.0 140.3
4000 145.1 139.9 141.3 111	 1 L4J.9 135.4
5000 149.4 136.1 IN.1 137.6 14. .7 112.1
6100 1.7.• 131.• 145.4 136.1 145.2 Ifl.l
6000 132.1 131.1 1)8.2 If0.1 37.S 3
l nom 139.1 111- 140.7 140.0 14o.2 133.1
OK PI 171.2 Ib9.5 168.4 157.2 it l.s I112.0
























SWIRL VORBIX COMBUSTOR S-9 15% PILOT SWIRLERS BLOCKED
vo7NT M -
COLD FLOW IDL f





l6: .v 147. • 15!.9
t9 ).J 167, • 194.6163:71.7-^fz.6
26i:6 I tf .9 is,.*
162.3 161.1 IS4.0
T/T:T T:T. viva 5
1t0,5 166.5 150.2
160.2 ItC.9 116.2





1 4: , 4 Ik{•.7 IS6.1Z3TT1*1:^f3^ 7 -
16S.0 140.5 150.9
140.1 1 .0.5 147.2
175,4 141.4 14•.v
13. .7 134.• 109.3
1730 119.k 117.2
1	 PClNT r •	 21
iOLL t4or




162. • 170.2 IS: .6
-iiTT7T7^ST.l


















Polovr so .	 .2
1 pt,L 61^r
INKY1.[r(! RIGwr
160,0 171.0 1.9 .9






















N?' At .	 43
ioLE Aar
i NLf 7" IVY 11'%T








1 bT. T. -771:T-'TCT:1
1e1.0 173. •. IS!.4





1 4 3.k 162.. 153.7
735:1-751-'T-T4S7
1,47.1 151. 4 147.9






AD119' 71 •	 lU5
A6rr•o •9
SLTC NOT k ro *or
4t..tr AEI" r
/ACEr S'Do AmiA 414W
191.4 103.6 152.0 161.4
151.1 ►131 112.9 141.9
1 S[.4 164.0 111.4 162.1
1'7.9 114.1 195.3 112.3
195.1 111.1 130.5 ►62.1
155.9 144.1 Ist.9 142.1
196.1 162.2 194.1 162.1
151.9 122.1 190.0 Let.l
151.4 161.4 .51.5 140.9
154.( 159.9 156.9 195.1
135.6 131.6 Ill.? 15567
199.1 157.0 199.1 /S /,9
199.2 154.6 199.2 IS6.4
160.4 156 J 161.0 ►36.0
143.9 15619 164.7 151.4
I44.1 156.6 163.1 IS9.2
►3J.1 1:7.1 ►31.9 150.1
191.9 1!2.6 151.9 1!2.1
110.4 1!4.0 449.4 1!4.9
199.1 130.5 195.0 171.0
14).5 146.1 14:.1 114.♦
1[0.6 454.1 lal.4 111.•
1]5.1 196.5 I1>.: 141.0
1.6.5 131.6 12t.4 136.1























113 OCTAVE SPL LEVEL CORRECTED.. '^Q-3L10Q._HJz-ONLY-








































































































































































































































































































































































































































































































































































































	iapwjb da	 IWIR4ER FRO"7 eke lowc 8410
	
..... 	 .....
fit c".	 N 9 1
Pit thr M..r















	'tow cowom	 - om!ftw now m IWO*
7.p
	












0*1"C "ClIto a #q	 N 989








1:	 4	 ID	 1?	 10	 !oI
	 z
SiO2	 f











My^ enr SW In c
ts^












^Q 14 16 tJt :2E1 2p . It
-t-±	 TRYE BAND*
L ^_

















• -F	 IPff -+ ^+-.
^-	 1 Y6





Ul- f I T v-C-- rN 0'
.j	 I	 *iWT ion a14 70,








-	 + {	 ;J	 1	 zD zk 2A
I	 i	 I	 7
82
-	 .16N	
NIC^ oe nOrl aroi t -	 . Op








r % ,. CONOW FOR N=11^ o I/. Cf.EE _t<IIC
_0llbilCN,Alo T1343
iii 4 p01NE_ CONO [TION_


























^K .. f.	 K	 ..	 {K:




rw#n tcpt ^,, . -jtMFe^, cpnrwrav Writ o1n tom, 	 Nnt tYtttt♦Y	 _
Nt06llfllgM. ``^,}^^, t	 ^ iea
1	 .^llQlnt ^Olt^Illâk +	 dd







+ -	 - -
-F	 {4-F.I	 -	 -
86
87


















nteR M'^"''12 f1 ^. h^[ye4p[t{ ^ ^8•+F^. 1 1rR^.
fse ewtMt 64M9tE[Oh	 dr .	 r B 28
_';^	 P ^^ nt.t
fee	 T 	 ^
r

































pM ....	 ^........	 , .
t .:.	 i
:} T t 1!f
APPENDIX E




I:' : 	it	 '7	
t	 '	 Sit	 t	 T !
iti	 f:	it: r.	 t.
iV
nu HI	 A








I:r	 it•ri :	 2.
H:	 i.	 'It:. KIM 	 1:
t	 '1
:x	 stt
tt 	 U4	 g
_	 ..	 IJ	








.	 ..	 ::.	 r.: •a	
.,: 	
21 	 in 11
Hup
t;





fREQuCNCY R 1000 Ns
99

40i fil.	 ..Tfi vi; TEST DATE 4/29/74
ANALYZER OW 16 Hz
V- 1 .4 r-A Ll*A^
41 Mu
-im




























.44	 TEST DATE 5/9/74







FREQUENC Y ......... HZ
y. -17 1	  7	 1	 !,	 ., !	 I! U





'ANALYZER BW 16 Hz









i T-:tEd 4-4 :7'. 717. -FTg
44414", ;S
yy
Soo.	 1000-	 Soo - 2000. -3000. --7­ 4000.2500, 35 00 4500. EOOO.FREQUENCY ......... HZ






,.,, j	 "TEST DATE 4/23/74
	
s i .	 ANALYZER BW 16 Hz
i 77T
--}--- 	 _ , i I





















FK[rvewcr z I— ns
107
